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ABSTRACT

We report an investigation of the rotational-torsional spcztrurn of the gauche

rotational isomers of ethyl alcohol in the51 -505 GHz frequency region. Over a thousand

transitions between rotational levels in the gauche  substates of the ground OH torsional

state have been measured and assigned. These transitions involve rotational quantum

numbers J and Ka up to 30 and 15, respectively, and are of t wo types: a-type transitions

bdween levels in either the gauche+ or the gauche- sub state, and c-type transitions

bet wecn rotational levels in the different subs[ates. The majorit y of these transitions have

been fit satisfactorily using a twwstate Hamiltonian based on the fixed framework axis

mdhod (FPAM). The rotat ion, dlstor-tion, and interaction constants have been determined

along with the energy difference between the two gauchz  subs.tatex.  The derived constants

cm be used to prediet many more transitions aeeuratcly for astrcmomical  purposes. The J

ancl Ka region where the two-state analysis em be used has been determined. The basis for

a three-state analysis including the trans substate is presented and the applicability of the,.
liliAM approach is discussed,
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I. INTRODUCTION

‘1’hc microwave spectrum of ethyl alcohol (ethanol, CHSCH@H)  has been the

subject of many previous investigations with the majo]ity of the work being done on the

more s[able tram rotational isomer, or rotamer-. This work has been reviewed in our

previous study of the millimeter- and submillimcter-wave spectrum of Irons -ethyl alcohol

(1). In this previous work, wc were able to fit a large number of transitions occurring in

the /ran.$ substate of the ground OH torsional state to lnicrowave accuracy with a single-

statc Watson-type Hamiltonian  by averaging the small splittings caused by the methyl

internal rotation. Kakar and Seibt (2) and Kakar and Quade (3) first studied rotat ional -

torsional spectra involving the gauche substates (gauche+ and gauche-) of the lowest OH

torsional state, which lie approximately 40 cm-l above the zruns substate, and determined

the potential barriers to OH torsional and melhyl mot ions, as well as the gauche dipole

moment components. Our previous work on the lru)l.f  rotamcr (1) and earlier work of

Michielsen-Effinger (4) revealed a large number of transitions that could not be analyzed

using a single-state Watson Harniltonian,  The level shifts are now known to be the result

of interactions with rotational levels of the gauche states at higher rotational quantum

numbers than had previously been studied.

Ethyl alcohol in the ground trans substate of the OH torsion has been observed in

several warm, dense interstellar molecular clouds, following its initial observation by

Zuckerman cl al. in Sgr 132 (5,6). Tle moleczrle appears to be lc)calizcd in regions known

as Hot Cores, which are relatively warm and dense I egions wilh gas densities of 106-108

cm-3 and temperat  urcs of 100-300 K located near star formation activity. As a result of our

recent laboratory work, a large numbs of mil limetcr-wave ethyl alcnhol transitions have

been detected in the Hot Core (334.3+0.15 and analyzed to show that ethanol is a major

nlolcculc in the source (7). It is presumed that ethanol or a suitable precursor is formed on

the surfaces of dust par[icles during a previous colder era before star formation has started;

September 7, 1995 4



the onset of star formation heats up the region and results in the evaporation of material

from the dust particle surfaces (8). All of the confirlned astronomical observations to date

are of the trunx  isomer; however, it should be possible to detect transitions in the guuchc

substates as well since they lie 260 K above the lowest Iram substate. In addition, the

significant energy difference between the tranx and gauche  substates may prove to be a

useful probe oft emperature in star forming regions.

This work, a study of rotational-torsional transitions in the lowest-lying gauche

substates, is the second part of a study of the millimeter- and submillimeter-wave spectrum

of the ground vibrational state of ethyl alcnhol. One purpose of this paper is to provide an

analysis of the gauche substates in the low J and Ka region where interactions with the

tram substate are negligibl~ such an analysis leads to accurate frequency predictions for

[K}any unstudied transitions, as is needed for astronomical assignments. Another purpose is

to test the applicability of the fixed-framework axis mclhod (FFAM) for moderately high J

and Ka values for the case of a molecule with an intermediate barrier against torsional

motion. Yet a third purpose is to explore the range and kinds of interactions between the

trans and gauche substatcs, in preparatio~ for a full three-state analysis, which we plan in

the future.

II. THEORY

Mhanol is a near-prolate asymmetric top with two internal motions: the threefold

symmetric internal rotation of the methyl protons and the asymmetric internal rotation of the

hydroxy] proton. The potential energy for each internal rotation can be expanded in a

trigonometric series with terms 1 -cos(ny), where y is a torsional angle, and coefficients

V~nme~/2 for the methyl case and VnOl~ /2 for the hydroxyl case, The threefold symmetry

of the methyl group leads to torsional substates of A and E symmetry in the C3 group with

selection rules A-A and Ii-E. Since the threefold methyl barrier V3r[)e~h (1173.7 cm-l and

1331 cm-l in the lowest !rans and gauche substates, respectively) is large (1,3), rotational
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transitions within these substates occur at closely spaced pairs of frequencies. In the tram

sttil e, many A-E splittings have been rcsolvcxl and analyzed (1,9) but no methyl splittings

of the gauclw states were resolved by this work.

lhc potential for the internal rotation of the hydroxyl proton, depicted in Figure 1,

has been charaderizcd by the three potential coefficients V loll= 57.0 cm-1, VZOH= 0.8

cm- ] and V3°}J=395.0 cm-i (3) . ‘l’he global minimum is rcferrtil to as the tram

configuration or rotamer; in this configuration the hyciroxyl proton is perfectly staggered

bet ween the protons on the methy]ene group and the methyl group (l). ‘1’wo secondary

minima, referred to as gauche configurations or rotarners, occur fit torsional angles of

-1200 from the [mm configuration, Solution of the torsional wave equation shows that

the ground hydroxyl torsional state splits into three substates with an increasing degree of

localization as the barrier height increases: a lmm or w substate with a wave function of A’

symmetry (Cs group) that peaks at the global potential minimum and two closely-spaced

gauche substates, which are degenerate in the threefold case and lie above the tmm substate

in the lowest torsional state. The gauchr  substatcx arc charadcrimxl by symmetric

(gauche+  or e], A’) and anti-symmelric  (gauche or o], A“) wave fundions with the

~auchr+ substate the lower in energy. With the above potent ial, the gaudw+ and ,gauche-

substat es of the ground torsional state are split by 3.2 cm-1, and the gaudw+ substate lies

41.2 above the tmns  substage, Figure 2 shows computed torsional wave functions for

the tram,  gauche+, and gauche-  substates. These wave functions are very similar to those

foT CH@OH and CHD20H (]0, 11) , with t he ethanol wave functions being a bit more

localized Figure 3 shows how a ground vibrational state rotational level is split by the

hydroxyl and methyl torsional motions. ‘l’he energy differences a rnong the substates in

l~igure 3 are from this work and are discussed later.

The irans  substate of elhyl alcnhol has a dipole moment that lies almost cxadly on

the b principal axis (I~h = 1.46 D); the c- component is zero by syJnmctry, and the a-

component pa is estimated to be 0.046 1) (12) . ‘l’he gauche substates, on the other
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hand, have a large dipole moment along the a principal axis ([La U= 1.264 D), a nearly zero

dipole component in the b-direction (~lb = 0.104 D), and a substantial component in the c-

direction (ILC = 1.101 D) (3). Considering the sizes of the dipole components and the

symmetry of their dependence on torsional angle in the Cs group, it is easily seen that

strong rotational transitions within the gauche+  or gauche- substatcs have a-type selection

rules (weak b-type transitions are also possible), whereas torsional transitions between

gauche+  and gauche-  states have c-type selection rules (3). ‘1’hc latter transitions

detamine the separation between the two gauche substates and the Ka- dependent

spectroscopic constants. From the symmetry, transitions between nuns and gauche+

substates are expected to occur with a-type and b-type selection rules while transitions

belwem /runs and gauche- substates are expected to be c-type. An~logous trws to gauche

transitions have been reported for CH@OH and CH1 ]20H (10,11) but maybe much

weaker in dhanol due to the higher degree of localization of the wave functions and the

very different dipole direxlions in the tram and .gauchc  substates, ‘Jle one exception is in

the event of mixings between near degenerate rotational-torsional levels belonging to

different torsional substates. Transitions bdween the tram and .gauchc substates will

precisely determine the excitation energy of the latta substate$,  In the absence of such

reported transitions, Kaker and Quade ddermined that the gauc]w+  substate lies 41.2 +5.0

cm-l above the rmru substate from intensity memurements (.?). Our observations of the

location of perturbations between the n-am and gauclw levels suggest that the lrans-gauck+

energy difference is 39.2 cm-~.

The energy difference bdween fruns and gauche  states is large enough 10 leave a

significant number of [ram and gauche  rotational levels unaffected by each other, but the

larger rotational constants for the tram  rotamer result in significant level crossings at high J

and Ka values, with pairs of levels interacting via symmdry-a]]owed  torsional interactions

on- and off-diagonal in Ka. ~le net result is that rotational transitions in the different

rotamers should be unperturbed for a fairly wide rarlge of low J and Ka values, but at
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higher J and Ka values many tram rotamer rotat ional energy levels will cross t he gamhc

rotamer energy levels with the same J quantum numbers; resultiflg in the Coriolis-like

perturbations that are observed in the spectrum. The small 3.2. cm-] energy difference

between the gaucho  substates and matrix elements between thew substates on- and off-

diagonal in Ka result in strong perturbations beginning at low J values, requiring

interactions between the gauche+  and gauche- substatcs to be considered in any analysis of

the gauche  spectrum (.?).

A Hamiltonian for the asymmetric topasymmc.tric frame internal rotation problem

was proposed and delnO1lStrated  by Quadc and co-workers (1316). The Hamiltonian H

cm be divided into three parts (13):

H = IiR +-HTR +HT (1)

where 11]{ is the quasi-rigid-body rotational Harnilto]lian, 11 ~, is the torsional Hamiltonian,

and llq~ is the torsional-rotational interaction. In this formulation, ll,r~ has significant

Mmt ributions both on and off diagonal in torsional state as WC] 1 m substate u, where a = t,

+, and - for lrans,  gauche+,  and gauche-, respectively. Pof il~l])lt~l~le[~tation  of the

]-]amiltonian, the portion of ~~’rR diagonal in torsional substatc k folded htO ]]R. The

torsional Hamiltonian is not solved directly; rather, the splitting belween the o = + and -

torsional sublevels of the ground torsional state is trwted as a parameter to be determined

from the spectra, Van Vleck perturbation thorny is used to fold in the contributions of

cxcitcxl torsional states to H ‘rR (as in the PAM approach to threefold symmetric internal

rotors - see referenee (17) ). ‘1’hese steps result in the following e.ffmive Hamiltonian 11

to second order in the angular momentum:
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@T’,/) ~ + h’(<’’’’”)~  •t Q(o’’’’2)~

)lT = AE([’)  . (2)

This tyj~e of effective Hamiltonian has bew applied in various forms by Quade and co-

workers (.?,1.?, 18-21) and Hirota and co-workers (22-24) , and is referred to as the fixed

framework axis tncthod (FFAM). An internal axis method (IAM) alternative to this

approach has b~n dcscribcd by Quade and cx-workcls  (10-11; 25-27). In the IiFAM

formulation, all the H~~ terms are between different torsional substatcs, with CJ1 x CT2. We

have neglected terms that contain the torsional dependence of the rotational constants;

however, the H7R terms were expanded to higher order in P2 and Pa2 operators to account

fOr some of the rotational-torsional interaction. The }’#~ +P@a terms in ]]~ define a

rotation of the a and b axes from the principal axis system. This term ml be set to zero in

any one substate fixing the axis system for the problem. In the analysis described below,

this was done for the gauche+ substate. Although the K dependence of the torsional

problem has been limited to }~~R , there are higher order corrections which can be

formulated in terms of a K-dependent AE .

The ~fTR term in the effective Hamiltonian contains (;oriolis-type interactions which

are not small. The expansions in these terms do not necessarily converge rapidly and

higher order terms are necessary in our analysis. The. non-zero ~]T~ matrix elements

connecting the different torsional substates of ethanol can be easily ascertained using the C~

symmetry group, taking advantage of the fact that the torsional and rotational operator

faclors of each term must transform similarly so that the overall operator is symmetric. The

‘ah’ plane is the plane of symmetry ((~) containing the three heavy atotns, so that the

angular momentum operators Pa and Pb transform according to the antisymmetric

representation A“ whereas Pc transforms accxmding to A’. Thus, the symmetric torsional

stat m ((ram, gauche+) will bc connected by terms in f{T~ containing the symmetric

angular momentum terms PC and PaP~ + P/#a,  whereas symmetric-antisymmetric
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cmnbinations (gauche+ -gauche-; tram-gauche-) will be connextcxt  by terms in }1~~

containing the antisymmelric angular momentum terms Pa, Pb, P{ll’c+Pc:Pa,  and PbPc +

P(:Pb. The symmetry-allowed Harniltonian elements to second order in angular

nlomentum are shown in Figure 4. In addition to these matrix elements, it is also possible

that fmw.r and gauchr+ states of the same overall symmetry can bc cxmncctcd by additional

terms in /17~ containing torsional dependence of the I otat ional constants symmetricin

torsional angle . The angular momentum terms are evaluated ir~ the normal prolate

symmetric top lr representation. The --40 cn~- 1 energy difference between ?ram  and

gauchr+ substates is sufficient to justify effectively se~]arating lhc Hamiltonian into separate

trans and gauche sub-blocks for a large number of J and Ka values, an assumption made in

our previous [ram state analysis (1) and the t w~stat e, gauche+ -gauche- analysis presented

herco

In addition to the 2 x 2 effective Hamiltonian  above, we have included diagonal

fourth and sixth order centrifugal distortion terms in the s-reliuction approach (]7) as well

as the (symmcirizcd) higher-order Fl~R terms: P~2  (Q~’ ‘), Pj~P2  (NJ+ ‘), P$~2 (QK+-),

)),~~z  (NK+-),  PbI~4 (NKK+ ‘), P@ (Q~]’-),  P@ (N]]’  ‘), 1’#2P~2 (QJK+’)  and PbP2P02

(NIK+-,J  with the spectroscopic constants shown in parentheses.

111, EXPERIMENTAL

Reagent grade ethanol obtained from commercial sources was introduced into

sample cells ranging from one to four meters in length. Measurements were made at

pressures from 6 to 60 mTorr.  The weaker transitions were observed at higher pressures

and with larger modulation. The spectra were recorded on fwc (Ii fferent spectrometer

systems. Gauche a-type R branches between 78 and 117 Gt lZ were measured at the

Physikalisch-Chemisches Institute of the Justus Liebig Universitat in Giessen, Germany on

a spectrometer which uses a K VA W millimeter-wa}’e synt hesiz.e~ as a source. The lines

near 50 GHz, were rccordcd with a phase locked klystron at 1 hr. University of New
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Brunswick, Spectra through 360 GH7, were recorded at The ohio State University with

two sources: either a tripled YIG oscillator amplified by a TWI’ amplifier and multiplied

by a Gordy type harmonic generator, or a 55 GHz klystron an{i a similar harmonic

gcxlerator.  Spectra through 505 GHz were recorded at the Jet Propulsion I ~boratory with a

100 GHz klystron source and harmonic generator. InSb hot electron bolometers were used

in scmnd derivative detection in most cases. Some of the low frequency lines were

rceordcd with diode detectors. The details of these spwtromeler systems can be found

elsewhere (28-31). The measurement accuracy is estimated to be belter than 100 kHz for

all transitions measured in this work.

More than a thousand gauche  transitions have been measured and the majority of

them have been successfully analyze-d. These transitions include very strong gauche+  and

gauche- a-type R branches and many strong gauche+ to gaudw- c-type Q and R branches,

ale] lg with some weaker c-type P branches. No methyl internal rotation splitting was

resolved, but some of the lower frequency c-type transitions did appear to have unresolved

structure. Since the splittings were not resolved, no a[tempt at a ma hy] internal rotation

anal ysis was made and all spectra reported are effectively averaged over any methyl

splittings.

Many new transitions in the mm substate were mczisurcd and assigned, including

some exhibiting perturbations. None of the truns transitions inside the J and Ka ranges

previously reported and analyzed (1) shows any deviation from predictions. As a result,

these transitions will not be presented here. A large ]mmber of guuchr  transitions

exhibiting perturbations with the trans  sub state were also observed but most are not

included in the present analysis, since they require a t hrcx-state  treat ment of the hydrox y]

torsional motion, An attempt is currently underway using the full three-state Hamiltonian

to analyze all the gauche and tram transitio~l observed; however, no completely satisfactory

results have been obtained so far. In addition to the assignment of the gauche rotational

spectrum including higher J quantum numbers and f] equencies than st udicxl previously,
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this work has determined the range of J and Ka values for which the gauche substates can

be analyzed without considering interactions with the ?ram  substatc.

IV. ANALYSIS

The Hamiltonian described in Section 11 was fit to over 1000 rotational-torsional

transition frequencies in the gauche  substates involving rotational quantum numbers J and

Ka through 30 and 15, respectively. The fit was accomplished using the linear least

squares refinement program available from the on-line Jet Propulsion Laboratory spectral

catalog at spec.jpl.nasa.gov (32,33). The root-mean-square (Rh4 S) deviation of the fit,

391 kHz, was obtained by varying 45 spectroscopic parameters. The RMS deviation

obtained significantly exceeds the experimental accuracy of the measured frequencies,

although most lines are fit to the accuracy of the experiment. The overwhelming majority

of the more poorly fit transitions have been confirmed via both loop and error curve

techniques. Many of these transitions show systematic deviations; the origins of most of

the deviations can probably be explained by [ran.$-gauche interactions.

The determination of the off-diagonal Pa and Pb terms and their distortion

expansions was very difficult since these terms are highly correlatexl with the Coriolis

PaPC+PCPa  and P@~+P#b terms as we]] as t he rotat ions] constants and distortion

constants. The pa and Pb terms off diagomd in torsional substatc were successfully

determined only after transitions on both sides of the gauche- Ka =: O and gauche+ Ka = 1

]eve] crossing at J = ] 3 were included in the analysis, The on-diagonal P#b ~pb~~ term for

the gauche-  substate was included because it improves the analysis slightly, especially at

higher Ka values, even though it reduces the. overall RMS by less than 100 kHz. In

similar molecules, fixing this term to zero for both gauche states is justifiable since the two

gauche states should have almost exact] y the same axis syst cm (2.?). The P#b +pbpn  term

for the gauche+  substate was fixed to zero, defining the axis systcm for this state as the

principal axes. The AE+ term was also fixed to zero, defining the lowest energy state in
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this analysis. The value of the P#~ +P#~  term for the gauche- substate is somewhat larger

than expected, probably the result of its aecxwnting fo] tran.~-gauche interactions affecting

the two gauche states differently. The overall analysis presented, with an RMS of 391

kHz,, was chosen because it swxessfully fits the most levels and comes the closest on the

majority of the perturbed ones. A much lower RM S (under 200 kHz) can easily be

achieved by selcztively reducing the data set, howeve~, this RMS reduction results in

significantly poorer predictive power.

‘Ile measured and analyzed transitions are given in Table 1. Table 1 inc]udm the

rotational quantum nurnbcrs, the torsional substate with O and 1 representing gauche+  and

gauche-$  respectively, the residuals (observed - calculated frrxpreneics) and any reference or

notes applicable. Predictions for many unmeasured gauche substatc transitions along with

rotational energy levels and ealculattxt  line strengths are available on-line electronically from

the Jel Propulsion Iiaboratory spectral line catalog. q’able 11 cxmtains a number of

transitions with secure assignments that show slight ]wrturbations  (< 15 MHz) and cannot

be fit with the present two-state Hamiltonian. ]ncludti in our present analysis area

number of successfully fitted transitions which come from highly mixed gauche+ and

gauche- levels where the strong AKa = 1 Coriolis perturbation bel weal the t wo states has

shifted the levels many GHz. The dominant state assigned to these levels cm change with

sJrMll changes in the constants and may be reassigned once interactions with the tram state

arc considered. These levels are denoted with an asterisk in the reference rmlurnn of Table

1. The calculated intensities of these transitions are in reasonably good agreement with

observations.

Table 111 contains the determined constants; here the superscripts +, -, and +- are

used to represent the gaucfie+ , gauchfi- substates at~d their intemction terms, respectively.

Ikcause of the large correlations (0.99) among the (;oriolis constants, and because of the

effwtive nature of the Harniltonian used, it is hard to draw too mtiny physical conclusions

from the constants determined from the analysis. one salient feature, however, is the
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similarity between the A, B and C rotational constants of the gauche+ and gauche-  states.

On the other hand, the distortion constants am very similar for the perturbation expansions

in J but are different in the K expansions, This difference is believcxt to be largely due to

the onset of perturbations with the tram  state which shift different K values within the two

gauche states differently, but it may also be partly due to higher orclcr contributions from

the torsion, The large value of the off-diagonal Q+- parameter (-4 GHz), which multiplies

the Pa term, results in mixing between rotational levels of the two gauche substates even

when the energy difference between the levels is relatively large.

The values for the constants determined by this work can bc compared with those

of Kakar and Quadc (3) in several cases. The B and C values along with the coefficients of

}’~~a+~~~,  and P@~+P& are in excellent agreement considering distortion COnSkinK

were not used in the original work. Our energy difference between the two substates of

96748.8147 (0.0069) MHz compares reasonably well with the 96739.27 MHz value

previously reported. The energy difference and the A value difference are due primarily to

our inclusion of the large off diagonal Pa term in our analysis,

The analysis presented here reproduces the frequencies of a-type R branches and

low Ka c-type transitions with small residuals. In particular, the a-type R branch

transitions with quantum numbers below Ka = 10 and J = 15 and the c-type branches

below Ka = 6 and J = 15 have been fit to microwave accuracy. In addition, the analysis

was the best of all those tried for reproducing the frequencies of unmeasured c-type

transitions with Ka values of 6 or mor~ however, ncme of the twc}- state analyses tried has

been able to tit c-type transitions with Ka 29. The high Ka problem is very similar to the

high Ka (Ka 2 11) problem in the tram state and is partly if not entirely the result of strong

K a- dependent interactions between the gauchr and tram  substatcs. The origins of this

problem are discussed in the next section.

V. DISCUSSION
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The gauchr  state analysis presented in this paper is sucwssf’ul for a large number of

transitions. I.ike the previous rraru analysis (1) , it does not account for all of the observed

transitions, but it is sufficient to generate good spectroscopic constants for a large number

of transition frequencies and intensities. Table IV gives the approximate maximum J value

(J,!l,x) for each value of Ka where the gauche  substates have been effectively analyzed, In

general, the higher the value of Ka, the lower the value of Jmax. The Jmax values in the

gauche states are generally less than in the tram  state because the interactions affecting the

levels occur with higher Ka [ram levels. Presumably at J values sufficiently higher than

JI,laX the pcrturbative interactions are reduced since individual perturbations affecting t wo

series of rotational energy levels, each characterized by Ka and o, typically increase with

incl easing J, go through a so-called resonance when the unpaturbed  series of energy levels

cross each other, and then decrease once again. To understand these perturbations better

requires knowledge of the positions of rotational-torsional energy levels in both the ?ram

and gauche substatcs, since the majority of perturbations vitiating the two-state analysis are

belwecn these two substates

The present analysis combined with the previous ?ram  slate analysis (1) and the

Irons-gauche+  energy difference estimated from the location of known perturbations has

allowed us to produce an emergy level diagram for the rotational-torsional states through J =

40 of the ground vibrational state of ethanol. This diagram is shown through J =30 in

Figure 5, in which the individual state energies are marked on a plot of energy (cm-l) vs J;

entries in each column correspond to specific values of Ka with the symbols +, o, x

designating ?rans, gaudiw+,  and gauche- substates, respectively. The estimated energy

difference between the [ram and gauche+-  substates, 39.2 cm-1, determines which levels are

expcctcd to be perturbed; in all cases checked, the transitions involving these levels are

shifted from their expected position, many so badly that no assignments could be made.

I%c energy difference will be belter determined once tram  to gauche transitions are

observed.

September 7, 1995 15



Figure 5 was produced without considering any interactions belween the mms  and

gauche  states or interactions with any excited states. Nevertheless, it clearly shows the

general overlap of the lrans and gauche energy levels starting at intermediate J and Ka

where there is more opportunity for interactions between the many tm/L~  and gauche levels.

At still higher Ka values, the levels become more widely spaced but the perturbations tend

to become much stronger resulting in some dramatic interactions which have been

characterized and used in estimating the trans-gauche  energy sepamtion,  although they are

not included in our two-state analysis.

Two series of strong AKa = 2 interactions bet ween the trarrs Ka = 11 levels and the

gauche+  Ka = 9 levels and between the tram Ka = 12 levels and the gauche- Ka = 10 levels

s{and out particularly. These interactions affect all the c-type gauche spectra involving

these levels and begin to seriously affect the a-type R branch gauche spectra at J = 15; the

latter perturbations become progressively worse until J =25 where. the levels become so

highly perturbed that they cannot be located, The urqmturbcd eneI gy levels for these four

serie.. of levels are shown on Figure 6, where it can be seen that the series cross each other

only gradually as a function of J. It should be noted that these resonances, caused by

avoided level crossings, have different origins. The (ram Ka = 12 and gauche- Ka =10

interaction derives from a Coriolis term predicted by the matrix elements in Table 4 while

the trms  Ka = 11 gauche+  Ka Z= 9 interaction is not predicted, The (mm-gauche+

interaction is probably the result of the torsional dependence of the rotational constants

which will result in matlix elements connecting state~ of the same overall symmetry. In

this case, the connecting matrix elements will contain a rotational tisymmctry  expression

like PI? - P/ multiplied by the torsional dependence (e.g. cos(ny)).

There are many other level crossings contained in Figure 5 involving ?rans and

gauche  levels which differ in Ka by as little as one or as many as 6. The magnitudes of the

interactions leading to avoided crossings are not known since very few of the more highly

perturbed transitions have bem assigned, In additio]l, since asymli~elry effects mix
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symmetric top levels of differing Ka, interactions with differing values of AKa arc

I correlated through the asymmetry making a cnmplele analysis a difficult task requiring the

I observation of many highly perturbed transitions. Much of the non-systematic RMS

I deviation in the present fit can be attributed to smaller effects of the other tram and gauche

perturbations.

‘l’he intensities generated by the deter-mined constants are consistent with the vast

majority of the observations. We estimate the overall accuracy of intensities tabulated from

the constants to be within = 10%, but some isolated cases are very different. Most of the

I problems are the result of gauche-trrm  interactions, but the t rue value of the gauche c-type

dipole is somewhat suspect because the gauche+- mixing due to the large Pa term in ~~~

was not included in the original dipole analysis. Another source of uncertainty in the

intensity calculations derives from the eff~ts of the two torsions and their interactions. It

is known, for example, that the three-fold methyl intcrmal rotation can mix IK ~ and [-K> E

states in the ?mns substate (1,28), but the effects of this type of mixing on the gauche

substate intensities are not obvious,

VI. S[JMMARY

The analysis presented here provides the constants necessary to generate the

frequencies, intensities, and energy levels necessary for astronomical assignments of the

gauche substates of ethyl almhol. It also provides confirmation that the intermediate barrier

asymmetric topasymmetrjc frame internal rotation problem can bc analyzed to some

relatively high degree of success using the F’}iAM approach. The analysis of the gauche

substatw coupled with the previous analysis of the tram substate may provide the basis for

further investigations leading to a complete treatment of the ground state of ethanol. It is

quite possible that a three-state extension of our current tw~state approach using a similar

Hamiltonian extended to higher order will accmnt for all of rotational-torsional transitions

in the ground state of ethanol. However, previous F) ‘AM pert urbat ive approaches have
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foundered, especially at higher Ka (Ka>3) values (10,)1). The high degree of correlation

in the tw~state analysis presented here and the multit  ude of correlation possibilities among

the ?ram  -gauche  interactions suggest that correlations will pose a major problem with the

FIJAM method. An asymmetric top-asymmetric frame non-perturbat ive internal axis

method (1AM) has been proposal and applied to CH2DOH and CHll@H by Quade and

coworkers (10,11, 2S-27), but it has yet to be tested at sufficiently high J and Ka values

for higher order effwls to become important. It is highly likely that the IAM formulation or

a similar type of treatment based on a suitably advantageous choice of rotated or

transformed axis (34-36) will be necessary for a generally successful complete ethanol

ground state analysis. A potential problem with eitha approach to ethanol lies in the

interactions between the methyl and the hydroxyl internal motions. These interactions,

especially in excited states of these motions, could sel iously compl i cat c any future analysis,
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TABLE  1

Measured and Analyzed Gawhe-Ethanol  Transitions
.— .—
J’Ka’Kti’’l’S ‘ J“KaR~c~kiy

— .—— .——. ... .—.
Obs . Freq. Calc. Freq. Obs-Calc Ref.

(MHz) (MHz) (MHz )
--— .—— .—— —_____ .—— .—.. —..—..———  .—.. —

2 2 0 0 1 1 0 1
2 2 1 0 1 1 1 1
4 1 4 1 4 2 2 0
2 0 2 1 3 1 2 0
1 0 1 0 0 0 0 0
1 0 1 1 0 0 0 1
3 1 3 1 3 2 1 0
2 1 2 1 2 2 0 0
2 1 1 1 2 2 1 0
3 1 2 1 3 2 2 0
8 3 6 0 8 2 6 1
7 3 5 0 7 2 5 1
4 1 3 1 4 2 3 0
6 34 0 62 4 1
5 3 3 0 5 2 3 1
4 3 2 0 4 2 2 1
3 3 1 0 3 2 1 1
3 3 0 0 3 2 2 1
4 3 1 0 4 2 3 1
5 1 4 1 5 2 4 0
5 3 2 0 5 2 4 1
3 2 1 0 2 1 1 1
6 3 3 0 6 2 5 1
7 3 4 0 7 2 6 1
8 3 5 0 8 2 7 1
322 02 1 2 1
6 1 5 1 6 2 5 0
2 1 2 0 1 1 1 0
2 1 2 1 1 1 . 1 1
2 0 2 0 1 0 1 0
2 0 2 1 1 0 1 1
1 0 1 1 2 1 . 1 0
2 1 1 0 1 1 . 0 0
2 1 1 1 1 1 . 0 1
7 1 6 1 7 2 6 0
3 1 3 0 2 1 . 2 0
3 1 3 1 2 1 . 2 1
4 2 3 0 3 1 . 3 1
3 0 3 0 2 0 2 0
3 0 3 1 2 0 2 1
3 2 2 0 2 2 1 0
3 2 2 1 2 2 1 1
3 1 2 0 2 1 . 1 0
3 1 2 1 2 1 . 1 1
0 0 0 1 1 1 . 0 0
4 1 4 0 3 1 . 3 0

13111.570
14169.920
15063.960
16249.490
17288.410
17295.790
17557.390
19302.930
22618.680
24288.620
24383.180
26148.250
26501.780
27359.800
28120.260
28543.070
28737.600
28912.360
29067.890
29255.850
29345.430
29406.890
29804.560
30521.600
31592.270
32509.180
32570.910
33487.510
33508.450
34541.530
34555.180
35166.810
35663.880
35694.540
36566.190
50209.140
50244.590
51362.918
51724.330
51742.140
51847.750
51854.640
534-72.603
53517.641
53534.900
66905.166

21

1311] .40470
14169.92567
15063.93425
16249.60808
17288.41869
17295.80281
17557.39203
19302.97203
22618.69650
24288.64765
24383.25101
26148.26179
26501.82200
27359.80950
28120.26976
28543.11029
28737.70665
28912.27072
29067.91036
29255.85819
29345.43357
29406.87888
29804.56017
30521.58270
31592.24620
32509.19519
32570.93797
33487.54631
33508.44119
34541.54675
34555.18626
35166.95424
35663.88504
35694.55771
36566.27293
50209.17018
50244.45189
51363.06201
51724.34450
51742.17291
51847.”11071
51854.61102
53472.53243
53517.66186
53535.03647
66905.22082

0.16530
-0.00567
0.02575

-0.11808
-0.00869
-0.01281
-0.00203
-0.04203
-0.01650
-0.02765
-0.07101
-0.01179
-0.04200
-0.00950
-0.00976
-0.04029
-0.10665
0.08928

-0.02036
-0.00819
-0.00357
0.01112

-0.00017
0.01730
0.02380

-0.01519
-0.02797
--0.03631
0.00881

-0.01675
-0.00626
-0.14424
-0.00504
-0.01771
-0.08293
-0.03018
0.13811

-0.14401
-0.01450
-0.03291
0.03929
0.02898
0.07057

-0.02086
-0.13647
-0.05482

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

a
a
a
a



TABLE 1- Continued
—.- ..— —. .- ——. ——. —_——..  .——.  .-— ..—
J’Ka’KC’TS’  J“Ka’’Kc’’Ts” Obs. – Fi=q;””  — ~alc--; “-j~r—eq~  “-’Ohs -Calc

_——
Ref.

(MHz) (MHz) (MHz)
-.—. —-—— ..—__ . . . . . . ..— — .—-— —. —..  . .. —.. — . ——.
4 1 4 1 3 1 3 1
4 0 4 0 3 0 3 0
4 0 4 1 3 0 3 1
4 2 3 0 3 2 2 0

14 1 13 1 14 2 13 0
4 2 3 1 3 2 2 1
4 3 2 1 3 3 1 1
4 3 1 1 3 3 0 1
4 3 2 0 3 3 1 0
4 3 1 0 3 3 0 0
4 2 2 0 3 2 1 0
4 2 2 1 3 2’1 1
5 2 4 0 4 1. 4 1
4 1 3 0 3 1 . 2 0
4 1 3 1 3 1 . 2 1
1 0 1 1 1 1 1 0
2 0 2 1 2 1 2 0

15 1 14 1 15 214 0
3 0 3 1 3 1 3 0

11 4 8 011 3 8 1
4 0 4 1 4 1 4 0
6 2 4 0 5 1 4 1
10 4 7 010 3 7 1
13 4 9 0 13 3 11 1
5 0 5 1 5 1 5 0
6 0 6 1 6 1 6 0
7 0 7 1 7 1 7 0

17 4 13 0 17 3 1 5 1
5 1 5 0 4 1 4 0
5 1 5 1 4 1 4 1
5 0 5 0 4 0 4 0
8 0 8 1 8 1 8 0
5 0 5 1 4 0 4 1
5 2 4 0 4 2 3 0
5 2 4 1 4 2 3 1
5 4 2 1 4 4 1 1
5 4 1 1 4 4 0 1
5 3 3 1 4 3 2 1
5 4 2 0 4 4 1 0
5 4 1 0 4 4 0 0
5 3 2 1 4 3 1 1
5 3 3 0 4 3 2 0
5 3 2 0 4 3 1 0
5 2 3 1 4 2 2 1
5 2 3 0 4 2 2 0
13 5 9 1 14 4 11 0
9 0 9 1 9 1 9 0
5 1 4 0 4 1 3 0

66961.750
68802.968
6882.2.861
69098.317
69108.218
69111.335
69219.273
69223.400
69262.000
69266.931
69455.198
69456.604
70712.540
71252.139
71311.479
71918.992
72986.578
74188.188
74519.642
76049.810
76437.327
76728.037
76855.345
78633.773
“18637.457
81003.969
83417.055
83441.443
83568.768
83661.961
85747.177
85765.145
85768.904
86311.299
86344.210
86516.535
86516.535
86550.416
86555.958
86555.958
86564.842
86604.336
86621.712
87027.131
87030.007
87899.495
87~59.044
88991.173

66961.75615
68802.99727
68822.89709
69098.31871
69108.39499
69111.33439
69219.23805
69223.38410
69261.98662
69266.97403
69455.21394
69456.58298
70712.62944
71252.14679
71311.49306
71919.08924
72986.72920
74188.42030
74519.73192
76049.84003
76437.40819
76728.04862
76855.35540
78633.68973
78637.51020
81003.99087
83417.04178
83441.44639
83568.81038
83661.97647
85747.22139
85765.08274
85768.91239
86311.32359
86344.24223
86516.51636
86516.60732
8655”0.41372
86555.94374
86556.04281
86564.89959
86604.32550
86621.76545
87027.16603
87030.03439
87899.76641
87958.88706
88991.19996

-0.00615
-0.02927
-0.03609
-0.00171
-0.17699
0.00061
0.03495
0.01590
0.01338

-0.04303
-0.01594
0.02102

-0.08944
-0.00779
-0.01406
-0.09724
-0.15120
-0.23230
-0.08992
-0.03003
-0.08119
-0.01162
-0.01040
0.08327

-0.05320
-0.02187
0.01322

-0.00339
-0.04238
-0.01547
-0.04439
0.06226

-0.00839
-0.02459
-0.03223
0.01864

-0.07232
0.00228
0.01426

-0.08481
-0.05759
0.01050

-0.05345
-0.03503
-0.02739
-0.27141
0.15694

-0.02696

b
b

b

b

b
b
b

b
b
b

b
b
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TABLE I - Continued
—.. .— .—
J’Ka’Kc’Ts’ J“Ka’TKctlTs”

—.—
Obs . Freq. Calc. Freq. Obs-Calc Ref.

(MHz) (MHz) (MHz)
-.—.—_

5 1 4 1 4 1 3 1
1 0 0 1 0 1 1 0 1 1 0 0
2 2 3 2 0 0 2 1 4 1 8 1
1 1 0 1 1 1 1 1 1 1 1 0
1 5 1 1 4 0 1 4 2 1 2 1
2 2 1 2 1 1 2 2 2 2 1 0
2 3 4 1 9 0 2 2 5 1 7 1
1 3 1 1 2 0 1 3 0 1 3 0
1 2 0 1 2 1 1 2 1 1 2 0
1 4 0 1 4 1 1 4 1 1 4 0
2 3 1 2 2 1 2 3 2 2 2 0
1 5 0 1 5 1 1 5 1 1 5 0
2 5 5 2 1 0 2 5 4 2 1 1
7 2 5 1 6 3 3 0
1 0 3 8 1 9 4 6 0
1 6 0 1 6 1 1 6 1 . 1 6 0
4 1 3 1 3 2 1 0
2 5 1 2 4 1 2 5 2 2 4 0
1 3 0 1 3 1 1 3 1 1 3 0
1 7 0 1 7 1 1 7 1 1 7 0
4 2 3 1 5 1 5 0
1 8 0 1 8 1 1 8 1 1 8 0
1 0 3 7 1 9 4 5 0
1 9 0 1 9 1 1 9 1 1 9 0
2 7 1 2 6 1 2 7 2 2 6 0
2 0 0 2 0 1 2 0 1 2 0 0
1 6 1 1 5 1 1 5 3 1 2 1
2 1 0 2 1 1 2 1 1 2 1 0
2 2 0 2 2 1 2 2 1 2 2 0
2 3 0 2 3 1 2 3 1 2 3 0
24 0 24 1 2 4 1 2 4 0
2 5 0 2 5 1 2 5 1 2 5 0
2 2 1 2 2 1 2 2 0 2 2 0
2 1 1 2 1 1 2 1 0 2 1 0
2 3 1 2 3 1 2 3 0 2 3 0
2 6 0 2 6 1 2 6 1 2 6 0
24 1 24 1 2 4 0 2 4 0
2 0 1 2 0 1 2 0 0 2 0 0
2 5 1 2 5 1 2 5 0 2 5 0
2 7 0 2 7 1 2 7 1 2 7 0
2 6 1 2 6 1 2 6 0 2 6 0
1 9 1 1 9 1 1 9 0 1 9 0
27 1 2 7 1 2 7 0 2 7 0
2 8 0 2 8 1 2 8 1 2 8 0
2 8 1 2 8 1 2 8 0 2 8 0
1 8 1 1 8 1 1 8 0 1 8 0
2 9 0 2 9 1 2 9 1 2 9 0
2 9 1 2 9 1 2 9 0 2 9 0

89065.329
89946.985
91648.772
91737.258
91939.228
92156.535
92426.377
93279.005
93477.574
93497.421
93568.872
94696.400
95001.306
95111.248
95365.486
95416.499
95422.207
95546.737
95607.001
95924.429
96189.497
96301.745
96501.216
96589,675
96770.947
96814.1.72
96899.450
96993.077
97138.965
97263.540
97369.103
97463.678
97525 .”?98
97535.908
97536.849
97549.692
97562.811
97574.005
97600.390
97631.329
97645.192
97649.502
97698.530
97708.888
97755.610
97-/74.307
97784.113
97815.987

89065.35978
89946.88662
91648.601.04
91736.98779
91938.83076
92156.74773
92427.71647
93278.91430
93477.51025
93497.30160
93568.98502
94696.24269
95000.28468
95111.34054
95365.52958
95416.44246
95422.27604
95546.13092
95607.07319
95924.40747
96188.87780
96301.81790
96501.25761
96589.82816
96769.07224
96814.37685
96899.66862
96993.38199
97139.67540
97262.56848
97368.84234
97463.43279
9“1526.06762
9“7536.10688
97536.81410
97549.92425
97562.94438
97574.12954
97600.46013
97630.91.173
97646.43353
97649.54467
97698.73902
97708.26737
97755.84400
97774.29937
97783.33655
97816.64920

-0.03078
0.09838 b
0.17096
0.27021 b
0.39724

-0.21273
-1.33947
0.09070
0.06375
0.11940

-0.11302
0.15731
1.02132

-0.09254
-0.04358
0.05654

-0.06904
0.60608

-0.07219 *
0.02153
0.61920

-0.07290
-0.04161
-0.15316
1.87476

-0.20485
-0.21862
-0.30499
-0.71040
0.97152
0.26066
0.24521

-0.26962
-0.19888
0.03490

-0.23225
-0.13338
-0.12454
-0.07013
0.41727

-1.24153
-0.04267
-0.20902
0.62063

-0.23400
0.00763
0.77645

-0.66220
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“l-A 13LE 1- Continued
—.. . ..— .—. .—.. .— --- .—— ..—. . ..— —— .—— — .—
J’Ka’Kc’TS’ J“Ka’’Kc’’TS” ohs . F’req. Cak. Freq. Obs-Calc  - ief.

(MHz) (MHZ) (MHz)
. .. ——— — ..—. ..— — —.

3 0 0 3 0 1 3 0 1 3 0 0
1 7 1 1 7 1 1 7 0 1 7 0
4 3 1 0 3 2 1 1
4 3 2 0 3 2 2 1
1 6 1 1 6 1 1 6 0 1 6 0
1 . 5 1 1 5 1 1 5 0 1 5 0
2 9 2 2 8 1 2 9 1 2 8 0
1 3 4 1 0 1 1 2 5 8 0
1 3 0 1 3 1 1 3 0 1 3 0
1 7 2 1 5 0 1 6 3 1 3 1
2 8 2 2 7 1 2 8 1 . 2 7 0
1 4 1 1 4 1 1 4 0 1 4 0
1 3 1 1 3 1 1 3 1 1 3 0
13 4 9 112 5 7 0
2 7 2 2 6 1 2 7 1 2 6 0
5 1 5 1 4 2 3 0
2 6 2 2 5 1 2 6 1 2 5 0
2 5 2 2 4 1 2 5 1 2 4 0
3 2 1 1 4 1 3 0
6 1 6 0 5 1 5 0
6 1 6 1 5 1 5 1
2 3 2 2 2 0 2 2 3 2 0 1
2 1 4 1 7 0 2 1 3 1 9 1
2 4 2 2 3 1 2 4 1 2 3 0
2 3 2 2 2 1 2 3 1 2 2 0
11 1 1 1 1 1 1 0 1 1 0
6 3 3 1 7 2 5 0
6 0 6 0 5 0 5 0
6 0 6 1 5 0 5 1
6 2 5 0 5 2 4 0
1 6 1 1 5 0 1 5 2 1 3 1
6 2 5 1 5 2 4 1
2 1 2 2 0 1 2 1 1 2 0 0
1 0 1 1 0 1 1 0 0 1 0 0
6 5 2 1 5 5 1 1
6 5 1 1 5 5 1 1
6 4 3 1 5 4 2 1
6 4 2 1 5 4 1 1
6 5 2 0 5 5 1 0
6 5 1 0 5 5 0 0
6 4 3 0 5 4 2 0
6 4 2 0 5 4 1 0
6 3 4 1 5 3 3 1
6 3 3 1 5 3 2 1
6 3 4 0 5 3 3 0
6 3 3 0 5 3 2 0
7 2 6 0 7 0 7 0
6 2 4 15231

97857.444
97962.834
.98005 .465
98173.366
98230.313
98585.095
988?3.691
98844.461
98878.281
98881.085
98946.244
98983.548
99109.251
99109.251
99143.725
99260.691
99440.000
99864.418
99945.278

100194.326
1.00365.052
100372.258
100438.643
100452.072
101243.633
102489.386
102498.891
102534.06”/
102560.844.
103452.16!J
103525.945
103547.735
103608.598
103796.950
103810.487
103810.48’/
103843.384
103843.384
103863.384
103863.384
103890.904
103890.904
103895.533
103934.013
103960.442
104006.866
104718.654
104720.8-/3

97857.08167
97962.”18448
98005.51240
98173.42561
98230.23064
98584.96954
98824.80609
98844.58351
98878.35420
98881.39084
98946.30355
98983.47624
99108.57923
99109.80634
99143.53955
99260.67062
99439.91674
99864.47967
99945.20924

100194.36719
100365.06777
100371.44477
100439.22030
100452.29809
101243.99499
102489.05581
102498.74685
102534.10165
102560.84787
103452.18385
103525.58459
103547.76967
103608.80237
103796.68093
103810.50261
103810.50446
103842.85457
103843.26345
103863.43882
103863.44065
103890.71576
103891.16108
103895.54219
103934.05716
103960.45157
104006.89627
104718.64296
104720.91183

0.36233
0.04952

-0.04740
-0.05961
0.08236
0.12546

-1.11509
-0.12251
-0.07320 *
-0.30584
-0.05955
0.07176
0.67177 ‘h]end
-0.55534 blend
0.18545
0.02038
0.08326

-0.06167
0.06876

-0.04119
-0.01577
0.81323

-0.57730
-0.22609
-0.36199
0.33019
0.14415

-0.03465
-0.00387
-0.01885
0.36041

-0.03467
-0.20437
0.26907

-0.01561
-0.01746
0.52943 blend
0.12055 blend

-0.05482
-0.05665
0.18824

-0.25708
-0.00919
-0.04416
-0.00957
-0.03027
0.01104

-0.03883
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TABLE I - Continued
..—. — ..——
J’Ka’Kcl Ts’ J1lKa’’Kc’l~~~”  ““”obso ~reqo

. .— —-—. .——.
Calc!; Freq. ‘Ohs-Calc Ref.

.—-— . ..— .— ———— ..—.
6 2 4 0 5 2 3 0
2 0 2 1 9 1 2 0 1 1 9 0
2 0 2 1 1 1 0 0
8 2 7 0 8 0 8 0
12 5 8 113 4 10 0
6 1 5 0 5 1 4 0
6 1 5 1 5 1 4 1
14 1 13 1 14 1 14 1
8 1 8 1 8 0 8 0
7 1 7 1 7 0 7 0
22 5 18 022 4 18 1
9 1 8 0 8 0 8 1

21 5 17 021 4 17 1
5 3 2 0 4 2 2 1

21 2 19 1 20 4 1.6 1
5 1 5 1 5 0 5 0
5 3 3 0 4 2 3 1
7 1 7 0 6 ) 6 0
7 1 7 1 6 1 . 6 1
4 1 4 1 4 0,4 0

16 2 15 1 16 1. 15 0
7 0 7 0 6 0 6 0
7 0 7 1 6 0 6 1

19 5 15 019 4 15 1
7 2 6 1 6 2 5 1
2 1 2 1 2 0 2 0
7 6 2 1 6 6 1 1
7 6 1 1 6 6 0 1
7 5 3 1 6 5 2 1
7 5 2 1 6 5 1 1
7 6 2 0 6 6 1 0
7 6 1 0 6 6 0 0
7 4 4 1 6 4 3 1
7 4 3 1 6 4 2 1
7 5 3 0 6 5 2 0
7 5 2 0 6 5 1 0
7 4 4 064 3 0
7 4 3 0 6 4 2 0
7 3 5 1 6 3 4 1
7 3 5 0 6 3 4 0
7 3 4 1 6 3 3 1
7 3 4 0 6 3 3 0
3 0 3 1 2 1 1 0
15 2 14 1 15 1 14 0
1 1 1 1 1 0 1 0
7 2 5 1 6 2 4 1
7 1 6 0 6 1 5 0
7 1 6 1 6 1 5 1

(MHz) -

.-. ——. . . .. --— —
104730.411
105225.485
105385.871
105731..717
105741..027
106676.542
106767.234
108753.950
110368.495
111344.327
111412.990
112269.238
115124.208
1.15170.653
115320.567
11.5494.515
1.15666.317
1.16777.812
117171.535
117579.752
117710.218
119152.733
119190.891
120417.465
120716.545
120900.880
121103.099
121103.099
121131.030
121131.030
121176.485
121176.485
121181.554
121182.812
121193.089
121193.089
121238.1.58
121239.525
121253.961
121329.276
121340.1.85
121433.611
121464.1.41
121496.294
121933.986
122540.812
124292.388
124403.460

(MHz)
.—.—— -— .-.

104730:”43611  -

105225.77583
105386.02555
105731.55104
105741.23407
106676.46544
106767.26363
108754.06180
110368.59430
111344.32763
111412.40284
112269.19572
115123.82680
115170.69487
115320.58600
115494.54428
115666.41672
116777.84451
117171.58610
117579.78920
117710.60718
119152.76888
119190.89542
120417.25265
120716.59695
120900.92293
121103.13274
121103.13276
121131.05393
121131.06322
121176.57283
121176.57286
121181.54124
121182.90194
121193.15358
121193.16363
121238.12237
121239.60430
121.253.98639
121329.30611
121.340.24031
121433.61948
121464.31341
121496.65793
121.934.02849
122540.85382
124292.41772
124403.46735

(MHz)

-0.02511
-0.29083
-0.15455
0.16596

-0.20707
0.07656

-0.02963
-0.11180
-0.09930
-0.00063
0.58716
0.04228
0.38120

-0.04187
-0.01900
-0.02928
-0.09972
-0.03251
-0.05110
-0.03720
-0.38918
-0.03588
-0.00442
0.21235

-0.05195
-0.04293 (:
-0.03374
-0.03376
-0.02393
-0.03322
-0.08783
-0.08786
0.01276

-0.08994
-0.06458
-0.07463
0.03563

-0.07930
-0.02539
-0.03011
-0.05531
-0.00848
-0.17241
-0.36393
-0.04249 b
-0.04182
-0.02972
-0.00735
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TAB1..E 1- Conlinued
-.—. . .. —- ---
J’Ka’K~’Ts’  J1lKa’’K~’’~s”

__ .——. — . ..— —
Obs . Freq. Cal.c. Freq.

——— .— .——
Obs-Calc Ref.

(MHz) (MHz) (MHz)
-.— .— .—. .._. —— ——. _. .-—
8 1 8 0 7 1 7 0
8 0 8 0 7 0 7 0
8 0 8 1 7 0 7 1
1 3 2 1 2 1 1 3 1 1 2 0
8 2 7 0 7 2 6 0
8 2 7 1 7 2 6 1
8 7 1 1 7 7 0 1
8 7 2 1 7 7 1 1
8 6 3 1 7 6 2 1
8 6 2 1 7 6 1 1
8 5 4 1 7 5 3 1
8 5 3 1 7 5 2 1
8 7 1 0 7 7 0 0
8 7 2 0 7 7 1 0
8 6 3 0 7 6 2 0
8 6 2 0 7 6 1 0
8 5 4 0 7 5 3 0
8 5 3 0 7 5 2 0
8 4 5 1 7 4 4 1
8 4 4 1 7 4 3 1
8 4 5 0 7 4 4 0
8 4 4 0 7 4 3 0
8 3 6 1 7 3 5 1
8 3 6 0 7 3 5 0
8 3 5 1 7 3 4 1
8 3 5 0 7 3 4 0
1 1 0 1 0 0 0 0
8 2 6 1 7 2 5 1
8 2 6 0 7 2 5 0
8 1 7 0 7 1 6 0
8 1 7 1 7 1 6 1
9 1 9 0 8 1 8 0
7 3 5 0 6 2 5 1
9 0 9 0 8 0 8 0
9 0 9 1 8 0 8 1
9 2 8 1 8 2 7 1
9 8 1 1 8 8 0 1
9 8 2 1 8 8 1 1
9 7 2 1 8 7 1 1
9 7 3 1 8 7 2 1
9 6 4 18631
9 6 3 1 8 6 2 1
9 5 5 1 8 5 4 1
9 5 4 1 8 5 3 1
9 8 1 0 8 8 0 0
9 8 2 0 8 8 1 0
9 7 2 0 8 7 1 0
9 7 3 0 8 7 2 0

133316.792
135608.030
135664.865
135668.020
136621.050
137845.614
1.38394.881
138394.881
138419.248
1.38419.248
138460.257
138460.257
138493.534
138493.534
138503.327
138503.327
138531.634
138531.634
138534.327
138538.010
138599.921
138603.960
138623.475
138708.129
138794.762
138916.337
140316.505
140473.158
140506.812
141820.317
141958.185
149810.554
151064.099
151920.752
152004.406
154930.188
155686.475
155686.475
155707.396
155”107.396
155741.683
155741.683
155799.415
155799.415
155813.723
155813.723
155818.633
155818.633

26

133316.83797
135608.06041
135664.87894
135668.06525
136620.96849
137845.67048
138394.91664
138394.91664
138419.28589
138419.28607
138460.27452
138460.31160
138493.65852
138493.65852
138503.43447
138503.43467
138531.69068
138531.73085
138534.33340
138538.06645
138599.94748
138604.01307
138623.51965
138708.16599
138794.81599
138916.33397
140316.51164
140473.17676
140506.83677
141820.37149
141958.26854
149810.59410
151064.16250
151920.78737
152004.39841
154930.21598
155686.58801
155686.58801
155707.45289
15570”1.45289
155741 .”11.518
155741.71604
155799.39511
155799.51542
155813.85956
155813.85956
15!i818.67390
155818.67390

-0.04597
-0.03041
-0.01394
-0.04525
0.08151

-0.05648
-0.03564
-0.03564
-0.03789
-0.03807
-0.01752
-0.05460
-0.12452
-0.12452
-0.10747
-0.10767
-0.05668
-0.09685
-0.00640
-0.05645
-0.02648
-0.05307
-0.04465
-0.03699
-0.05399
0.00303
-0.00664 b
-0.01876
-0.02477
-0.05449
-0.08354
-0.04010
-0.06350
-0.03537
0.00759

-0.02798
-0.11301
-0.11301
-0.05689
-0.05689
-0.03218
-0.03304
0.01989

-0.10042
-0.13656
-0.13656
-0.04090
-0.04090



TABLE I - Conlinued
—-
J’Ka’KC’TS’  ,J’’Ka’’KTs” Ts” Obs . Frec~. - Cal C. Ii’req.

_——
Obs-Calc Ref.

(MHz) (MHz ) (MHz )
——-— .—— —-.. — - .— ——— —— . .
9 6 4 0 8 6 3 0
9 6 3 0 8 6 2 0
9 5 5 0 8 5 4 0
9 5 4 0 8 5 3 0
9 4 6 1 8 4 5 1
9 4 5 1 8 4 4 1
9 4 6 0 8 4 5 0
9 4 5 0 8 4 4 0
9 3 7 1 8 3 6 1
9 3 70 8 3 6 0
9 3 6 1 8 3 5 1
9 3 6 0 8 3 5 0
9 2 7 1 8 2 6 1
9 2 7 0 8 2 6 0
2 1 1 1 1 0 1 0

‘9 1 8 08 1 7 0
9 1 8 1 8 1 7 1
11 1 10 010 0 10 1
8 3 5 0 7 2 5 1
5 2 4 1 5 1 4 0
10 110 0 9 1 9 0
10 01.0 0 9 0 9 0
10 010 1 90 9 1
8 3 6 0 7 2 6 1
3 2 2 1 3 1 . 2 0
1 0 2 9 0 9 2 8 0
10 2 9 1 9 2 8 1
2 2 1 1 2 1 1 0
10 9 1 1 99 0 1
10 9 2 1 9 9 1 1
1 0 8 2 1 9 8 1 1
10 8 3 1 9 8 2 1
10 7 4 1 97 3 1
1 0 7 3 1 9 7 2 1
10 6 5 1 96 4 1
10 6 4 1 9 6 3 1
10 9 1 09 9 0 0
1 0 9 2 0 9 9 1 0
10 8 2 09 8 1 0
1 0 8 3 0 9 8 2 0
10 7 4 0 97 3 0
1 0 7 3 0 9 7 2 0
10 5 6 1 95 5 1
1 0 5 5 1 9 5 4 1
10 6 5 09 6 4 0
1 0 6 4 0 9 6 3 0
1 0 5 6 0 9 5 5 0
1 0 5 5 0 9 5 4 0

155836.545
155836.545
155880.376
155880.376
155902.683
155911.554
155977.653
155987.365
156000.277
156092.693
156311.1.39
156473.455
158485.752
158541.644
158722.426
159236.782
159414.050
1.62097.990
165238.604
1.66235.871
166259.891
1.68123.386
168247.911
169055.693
171023.183
1715’70.168
171965.743
172641.532
172979.109
172979.109
172995.960
172995.960
173024.634
173024.634
173071.168
173071.168
173136.465
173136.465
173137.396
173137.396
173148.257
173148.257
173149.762
173149.762
173176.970
173176.970
173240.099
173240.099

2’7

155836.65408
155836.65501
155880.29957
155880.42985
155902.72379
155911.65348
155977.69111
155987.41623
156000.31815
156092.731.50
156311.17340
156473.47059
158485.80449
158541.66909
158722.65066
159236.80702
159414.07967
162097.95954
165238.61291
166235.85356
166259.90359
168123.41844
168247.90315
169055.73154
171023.62368
171570.17398
171965.77471
172641.54509
172978.99840
172978.99840
172995.99643
172995.99643
173024.62902
173024.62904
173071.20478
173071.20798
173136..54601
173136.54601
173137.49276
173137.49276
173148.37271
173148.37273
173149.63661
173149.97274
1.73177.02312
173177.02661
173240.21801
173240.58187

-0.10908
-0.11001
0.07643

-0.05385
-0.04079
-0.09948
-0.03811
-0.05123
-0.04115
-0.03850
-0.03440
-0.01559
-0.05249
-0.02509
-0.22466 b
-0.02502
-0.02967
0.03046

-0.00891
0.01744

-0.01259
-0.03244
0.00785

-0.03854
-0.44068 C
-0.00598
-0.03171
- 0 . 0 1 3 0 9  c

0.11060
0.11060

-0.03643
-0.03643

0.00498
0.00496

-0.03678
-0.03998
-0.08101
-0.08101
-0.09676
-0.09676
-0.11571
-0.11573

0.12539
-0.21074
-0.05312
-0.05661
-0.11901
-0.48287



. . . .

TABLE ) - Continued
—. ..—..- ——— — .— ..- .—c. —— - .—— . ..— —.
J’Ka’KC’TS’  J“Ka’’Kc’’Ts” Obs .

..-—. —
F’req. Cal.c. FYeq. Obs-Calc Re~.

(MHz) (MHz ) (MHz)
—. .— —.. .—— —— .— . ..— — . . ..--—. --. —... — .——. —
1 0 4 7 1 9 4 6 1
1 0 4 6 1 9 4 5 1
1 0 4 7 0 9 4 6 0
10 38 1 9 3 7 1
21 2 1 9 0 2 0 3 1 7 1
1 0 4 6 0 9 4 5 0
1 0 3 8 0 9 3 7 0
1 0 3 7 1 9 3 6 1
1 0 3 7 0 9 3 6 0
14 6 8 0 14 5 10 1
2 2 0 1 2 1 . 2 0
10 1 9 09 1. 8 0
1 0 2 8 1 9 2 7 1
10 2 8 09 2 7 0
1 0 1 9 1 9 1 8 1
3 1 2 1 2 0 2 0
3 2 1 1 3 1 3 0
6 4 2 0 5 3 2 1
6 4 3 0 5 3 3 1
11 2 10 010 2 9 0
11 2 10 1 10 2 9 1
11 92 110 9 1 1
11 9 3 110 9 2 1
11 8 3 110 8 2 1
11 8 4 110 8 3 1
11 7 5 110 7 4 1
11 74 110 7 3 1
11 6 6 110 6 5 1
11 6 5 110 6 4 1
11 9 2 010 9 1 0
11 9 3 010 9 2 0
11 10 1 010 10 0 0
11 10 2 010 10 1 0
11 8 3 010 8 2 0
11 84 010 8 3 0
11 7 5 010 7 4 0
11 7 4 0107 3 0
11 5 7 110 5 6 1
11 5 6 110 5 5 1
11 6 6 010 6 5 0
11 6 5 0106 4 0
15 3 13 1 15 2 13 0
11 57 010 5 6 0
11 5 6 010 5 5 0
11 4 8 1104 7 1
11 4 7 110 4 6 1
1.1 3 9 110 3 8 1
11 4 8 010 4 7 0

173287.772
173307.040
173372.426
173379.040
173391.356
173393.388
173477.348
173904.356
174128.703
175615.535
175941.350
176508.525
176530.663
176623.000
176752.000
177698.327
177725.590
181952.495
181971.107
188801.871
188948.317
190285.693
190285.693
190308.822
190308.822
190346.901
190346.901
190408.564
190408.564
190459.059
190459.059
1.90461.292
190461.29-/
190464.564
190464.564
190483.188
190483.188
190512.139
190512.950
190525.219
190525.219
190569.355
190612.624
190613.515
190690.218
190728.48!j
190753.139
190784.743

173287.82229
173307.08314
173372.44244
173379.07132
173390.29120
173393.41937
173477.33740
173904.38473
174128.72173
175615.99177
175940.95519
176508.53880
176530.72782
176623.04980
176752.01422
177698.76577
177725.30696
181952.38037
181971.14717
188801.84112
188948.31444
190285.63891
190285.63891
190308.83538
190308.83538
190346.95781
190346.95789
190408.54122
190408.55146
190458.98428
190458.98428
190461.21015
190461.21015
190464.57989
190464.57989
190483.27009
190483.27017
190512.19937
190513.03727
190525.33453
190525.34567
190569.52300
190612.66036
190613.56709
190690.21625
190728.50903
190753.20436
190784.73110

-0.05029
-0.04314
-0.01644
-0.03132
1.06480

-0.03137
0.01060

-0.02873
-0.01873
-0.45677
0.39481 C

-0.01380
-0.06482
-0.04980
-0.01422
-0 .43877  C

0.28304 C
0.11463

-0.04017
0.02988
0.00256
0.05409
0.05409

-0.01338
-0.01338
-0.05681
-0.05689

0.02278
0.01254
0.07472
0.07472
0.08685
0.08685

-0.01589
-0.01589
-0.08209
-0.08217
-0.06037
-0.08727
-0.11553
-0.12667
-0.16800
-0.03636
-0.05209

0.00175
-0.02403
-0.06536

0.01190
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TABLE 1- Conlinued
—.. .—.. . . ..— ——
J’Ka’Kc’~~’  J“Ka’’Kc’’Ts”

——. ..—. — -— ——
Obs . Freq. Calc. Freq. Obs-Calc Ref.

(MHz ) (Mnz) (MHz )
—— .——. ..— .—— —.—.-—. — .—.. —_ —. —-—. .——. —. ..— —— .- --— _.—.. —
11 4 7 010 4 6 0
11 3 9 010 3 8 0
11 3 8 110 3 7 1
11 3 8 010 3 7 0
11 1 1 0 0 1 0 1 9 0
1 1 1 1 0 1 1 0 1 . 9 1
11 2 9 110 2 8 1
11 2 9 010 2 8 0
12 1 12 0 11 1 1 1 0
7 4 3 0 6 3 3 1
7 4 4 0 6 3 4 1
12 1 12 1 11 1 11 1
12 012 0 11 0 11 0
12 012 1 11 0 11 1
12 2 11 011 2 10 0
1 0 3 8 0 9 2 8 1
12 2 11 1 11 2 10 1
12 9 3 111 9 2 1
12 9 4 111 9 3 1
12 84 111 8 3 1
12 8 5 111 8 4 1
12 7 6 111 7 5 1
12 7 5 111 7 4 1
12 67 111 6 6 1
12 6 7 111 6 6 1
12 6 6 111 6 5 1
12 6 6 111 6 5 1
12 10 2 011 10 1 0
12 10 3 011 10 2 0
12 9 3 011 9 2 0
1.2 9 4 011 9 3 0
12 11 1 0 11 11 0 0
1 2 1 1 2 0 1 1 1 1 1 0
12 84 011 8 3 0
).2 8 5 011 8 4 0
12 7 6 011 7 5 0
1 2 7 5 0 1 1 7 4 0
1 2 6 7 0 1 1 6 6 0
1.2 6 6 011 6 5 0
12 5 8 111 5 7 1
12 5 7 111 5 6 1
6 5 2 1 5 5 0 0
6 5 1 1 5 5 1 0
12 5 8 011 5 7 0
12 5 7 011 5 6 0
12 4 9 111 4 8 1
1 2 3 1 0 1 1 1 3 9 1
12 4 8 111 4 7 1

190826.426
1.90855.307
191590.287
191912.871
193572.516
193953.317
194548.366
194703.406
199034.723
199257.932
199313.656
199386.044
200341.535
200775.228
205794.545
205849.985
205874.515
20”1594.782
20’7594.782
207625.337
207625.337
207674.851
207674.851
207754.465
207754.465
207754.465
207754.465
207782.376
207782.376
207784.188
207784.188
207787.693
207787.69:+
207795.436
207795.436
207823.792
207823.792
207882.188
20”1882.188
207888.188
207890.089
207906.41!;
207906.416
207998.792
208000.782
208109.792
208115.139
208181.020

190826.43751
190855.23309
191590.24647
191912.81096
193572.52658
193953.33703
194548.38908
194703.41911
199034.71058
199257.92752
199313.72735
199385.92201
200341.51361
200775.23304
205794.46452
205849.91398
205874.48516
207594.76306
207594.76306
207625.44373
207625.44373
207674.95272
207674.95299
20”1754.51452
207754.51452
207754.54344
207754.54344
207782.47916.
207782.47916
207783.91905
207783.91905
207787.53401
207787.53401
207795.46064
207795.46064
207823.88112
207823.88142
207882.38371
207882.41519
207888.24507
207890.15331
207905.68344
207905.68548
207998.79801
208000.86224
208109.81679
208115.19106
208181.06149

-0.01151
0.07391
0.04053
0.06004

-0.01058
-0.02003
-0.02308
-0.01311
0.01242
0.00448

-0.07135
0.12199
0.02139

-0.00504
0.08048
0.07102
0.02984
0.01894
0.01894

-0.10673
-0.10673
-0.10172
-0.10199
-0.04952
-0.04952
-0.07844
-0.07844
-0.10316
-0.10316
0.26895
0.26895
0.15899
0.15899

-0.02464
-0.02464
-0.08912
-0.08942
-0.19571
-0.22719
-0.05707
-0.06431
0.73156
0.73052

-0.00601
-0.08024
-0.02479
-0.05206
-0.04149
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TABLE 1- Corttinued
——...—. .—z _.. .- ..— — __ .-. —. ..— —.
J’Ka’Kc’TS’

——
J“Ka” Kc “7’S”

——
Ohs; Freq. Cal c. Freq. Obs-Calc Ref.

(MHz) (MHz ) (MHz)
.—---- .—— — .—. —.. . . — —
12 4 9 011 4 8 0
1 2 3 1 0 0 1 1 3 9 0
12 4 8 011 4 7 0
12 3 9 111 3 8 1
2 2 1 1 1 1 1 0
1 9 4 1 5 1 1 8 5 1 3 0
12 3 9 011 3 8 0
1 2 1 1 1 0 1 1 1 1 0 0
12 1 11 1 1 1 1 1 0 1
1 2 2 1 0 1 1 1 2 9 1
1 2 2 1 0 0 1 1 2 9 0
1 3 1 1 3 0 1 2 1 1 2 0
1 3 0 1 3 0 1 2 0 1 2 0
1 3 2 1 2 0 1 2 2 1 1 0
1 3 2 1 2 1 1 2 2 1 1 1
1 8 7 1 2 0 1 8 6 1 2 1
1 8 7 1 1 0 1 8 6 1 3 1
14 7 8 014 6 8 1
14 7 7 014 6 9 1
11 3 9 0102 9 1
1 3 1 1 2 0 1 2 1 1 1 0
1 3 1 1 2 1 1 2 1 1 1 1
1 3 1 1 3 1 1 2 1 1 2 1
1 3 1 0 3 1 1 2 1 0 2 1
1 3 1 0 4 1 1 2 1 0 3 1
13 9 4 112 9 3 1
13 9 5 112 9 4 1
1 6 2 1 5 1 1 5 3 1 3 0
13 8 6 112 8 5 1
13 8 5 112 8 4 1
6 3 4 1 6 2 4 0
13 7 7 112 7 6 1
13 7 6 112 7 5 1
1 3 1 0 3 0 1 2 1 0 2 0
1 3 1 0 4 0 1 2 1 0 3 0
1 3 1 1 2 0 1 2 1 1 1 0
1 3 1 . 1 3 0 1 2 1 1 2 0
13 6 8 112 6 7 1
13 6 7 112 6 6 1
13 9 4 012 9 3 0
13 95 012 9 4 0
13 12 1 0 1 2 1 2 0 0
1 3 1 2 2 0 1 2 1 2 1 0
13 8 6 012 8 5 0
13 8 5 012 8 4 0
13 7 7 012 7 6 0
13 7 6 012 7 5 0
7 5 3 1 6 5 1 0

208214.356
208218.842
208291.941
209383.475
209393.693
209537.832
209865.168
210208.440
211002.366
212471.337
212735.287
215367.267
216415.624
222677.109
222742.139
224540.911
224547.238
224552.436
224552.436
224739.287
224823.129
224872.644
224872.644
224883.574
224883.574
224906.584
224906.584
224923.832
224946.040
224946.040
225001.204
225008.990
225008.990
225105.188
225105.188
225107.881
225107.881
225109.881
225109.88J
225112.095
225112.095
225115.663
225115.663
225130.505
225130.505
225170.614
225170.614
225172.772
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208214.36510
208218.86670
208291.96737
209383.44253
209393.68009
209537.74686
209865.17109
210208.46487
211002.36507
212471.33828
212735.25031
215367.23194
216415.63476
222676.98504
222742.12977
224541.32603
224547.65960
224551.99889
224552.?9598
224739.37236
224823.15356
224871.08527
224871.08527
224883,02513
224883.02513
224906.59144
224906.59144
224923,71157
224946.16011
224946.16012
225001.04505
225009.12878
225009.12963
225105.46335
225105.46335
225107.55505
225107.55505
225109.91898
225109.99314
225111.57218
225111.57218
225115.55225
225115.55225
225130.47402
225130.47403
2251”10.72169
225170.”?2262
225173.29672

-0.00910
-0.02470
-0.02637
0.03247
0.01291
0.08514

-0.00309
-0.02487
0.00093

-0.00128
0.03669
0.03506

-0.01076
0.12396
0.00923

-0.41503
-0.42160
0.43711
0.14002

-0.08536
-0.02456
1.55873
1.55873
0.54887
0.54887

-0.00744
-0.00744
0.12043

-0.12011
-0.12012
0.15895

-0.13878
-0.13963
-0.27535
-0.27535
0.32595
0.32595

-0.03798
-0.11214
0.52282
0.52282
0.11075
0.11075
0.03098
0.03097

-0.10769
-0.10862
-0.52472



TABLE 1 - Continued
—. . . . . . ._ ---- ..— .-
J’Ka’Kc’~s’ J“K~’’Kc’’Ts”

.. —.— — .— . . . . .——  — —— .— . . ..— —— . ..— _
Obs . Freq. Calc. Freq. Obs-Calc Ref.

(MHz) (MHz) (MHz)
—. .——. — .—— . .— —. ——_—- . . . . . . ..— —
7 5 2 1 6 5 2 0
13 6 8 012 6 7 0
13 6 7 012 6 6 0
13 5 9 112 5 8 1
13 5 8 112 5 7 1
13 5 9 012 5 8 0
13 5 8 012 5 7 0
13 3 11 1 12 3 10 1
13 4 10 1 12 4 9 1
13 3 11 0 12 3 10 0
13 4 10 012 4 9 0
13 4 9 112 4 8 1
13 4 9 012 4 8 0
13 310 1 12 3 9 1
13 1 12 1 12 1. 11 1
13 3 10 0 12 3 9 0
13 2 11 1 12 2 10 1
13 2 11 0 12 2 10 0
10 3 7 110 2 9 0
18 1 18 1 17 2 16 0
14 1 14 013 1 13 0
1 4 0 1 4 0 1 3 0 1 3 0
14 1 14 1 1 3 0 1 3 1

, 1 4 0 1 4 1 1 3 1 1 2 0
1 7 2 1 . 6 1 1 6 3 1 4 0
1 4 2 1 3 0 1 3 2 1 2 0
1 4 2 1 3 1 1 3 2 1 2 1
2 1 4 1 . 8 1 2 0 5 1 6 0
1 4 1 3 1 1 1 3 1 3 0 1
1 4 1 3 2 1 1 3 1 3 1 1
1 4 1 1 3 1 1 3 1 1 2 1
1 4 1 1 4 1 1 3 1 1 3 1
1 4 1 0 4 1 1 3 1 0 3 1
1 4 1 0 5 1 1 3 1 0 4 1
1 3 3 1 . 0 1 1 3 2 1 2 0
1 4 9 5 1 1 3 9 4 1
14 9 6 113 9 5 1
14 8 7 113 8 6 1
14 8 6 113 8 5 1
14 7 8 113 7 7 1
14 7 7 113 7 6 1
1 4 1 1 3 0 1 3 1 1 2 0
1 4 1 1 4 0 1 3 1 1 3 0
1 4 1 0 4 0 1 3 1 0 3 0
1 4 1 0 5 0 1 3 1 0 4 0
1 4 1 2 2 0 1 3 1 2 1 0
1 4 1 2 3 0 1 3 1 2 2 0
14 9 5 013 9 4 0

225172.772
225248.812
225248.812
225278.851
225282.851
225399.733
225404.089
225456.911
225545.693
225560.109
225660.277
225671.099
225796.891
227294.752
227891.911
228029.050
230230.743
230672.554
231220.812
231568.693
231668.733
232491..366
232596.554
235158.455
237379.376
239478.079
239551.366
239912.139
242166.644
242166.644
242175.455
242175.455
242191.297
242191.297
242215.792
242221.27”/
24222!1.277
242271.149
242271.149
242349.842
242349.842
242429.099
242429.099
242429.891
242429.891
242434.782
242434.782
242442.980
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225173.30988
225248.96923
225249.04992
225278.86878
225282.90536.
225399.72920
225404.09402
225456.92393
225545.70240
225560.13014
225660.26858
225671.10956
225796.88498
227294.68876
227891.88922
228029.05652
230230.70495
230672..51236
231220.62970
231568.69032
231668.67915
232491 .2!6349
232596.38553
235158.34747
237379.32721
239477.99134
239551.35016
239912.93909
242167.65430
242167.65430
242174.11567
242174.11567
242190.75518
242190.75518
242215.71679
242221.34387
242221.34387
242271.32330
242271.32333
242350.00361
242350.00602
242428.62647
242428.62647
242430.30199
242430.301.99
242434.17391
242434.17391
242442.16473

-0.53788
-0.15723
-0.23792
--0.01778
-0.05436
0.00380

-0.00502
-0.01293
-0.00940
-0.02114
0.00842

-0.01056
0.00602
0.06324
0.02178

-0.00652
0.03805
0.04164
0.18230
0.00268
0.05385
0.10251
0.16847 *
0.10753
0.04879
0.08766
0.01584

-.0.80009
--1.01030
-1.01030
1.33933
1.33933
0.54182
0.54182
0.07521

-0.06687
-0.06687
-0.17430
--0.17433
-0.16161
-0.16402
0.47253
0.47253

-0.41099
-0.41099
0.60809
0.60809
0.81527



TABLE 1- Continued
.—. .. ————..  ——
J’Ka’Kc’Ts’ J“Ka’’Kc’’Ts”

—-— —.— —..————— . .——-— ——— — .-
Obs . Freq. Cal.c. Freq. Obs-Calc Ref.

(MHz) (MHz) (MHz)
_ .— .— ..— — .. ——.  —— ——— — -——
14 9 6 013 9 5 0
14 13 1 0 1 3 1 3 0 0
1 4 1 3 2 0 1 3 1 3 1 0
1.4 8 7 013 8 6 0
14 8 6 013 8 5 0
14 6 9 113 6 8 1
14 6 8 113 6 7 1
14 7 8 013 7 7 0
1 4 7 7 0 1 3 7 6 0
14 6 9 013 6 8 0
14 6 8 013 6 7 0
1 4 5 1 0 1 1 3 5 9  I
14 5 9 113 5 8 1
1 4 3 1 2 1 1 3 3 1 1 1
1 4 5 1 0 0 1 3 5 9 0
14 5 9 013 5 8 0
14 4 11 1 1 3 4 1 0 1
1 4 4 1 1 0 1 3 4 1 0 0
1 4 4 1 0 1 1 3 4 9 1 .
1 4 4 1 0 0 1 3 4 9 0
1 2 3 1 0 0 1 1 2 1 0 1
1 4 1 1 3 0 1 3 0 1 3 1
12 1 11 111 2 9 0
1 4 1 1 3 1 1 3 1 1 2 1
14 3 11 1 1 3 3 1 0 1
1 4 3 1 1 0 1 3 3 1 0 0
1 5 1 1 5 0 1 4 1 1 4 0
1 4 2 1 2 0 1 3 2 1 1 0
15 0 1 5 0 1 4 0 1 4 0
15 8 8 014 8 7 0
15 8 7 014 8 6 0
1 5 6 1 0 1 1 4 6 9 1
15 6 9 114 6 8 1
1 5 6 1 0 0 1 4 6 9 0
15 6 9 014 6 8 0
1 5 1 1 4 0 1 4 1 1 3 0
1 5 5 1 1 1 1 4 5 1 0 1
1 5 5 1 0 1 1 4 5 9 1
1 5 3 1 3 0 1 4 3 1 2 0
1 6 1 1 6 0 1 5 1 1 5 0
11 4 7 010 3 7 1
1 7 3 1 4 1 1 7 2 1 6 0
11 4 8 111 3 8 0
1 4 2 1 2 1 1 4 1 1 4 0
1 5 3 1 2 0 1 4 2 1 2 1
1 6 1 1 5 1 1 5 1 1 4 1
1 6 1 1 6 1 1 5 1 1 5 1
1 6 1 0 6 1 1 5 1 0 5 1

242442.980
242445.208
242445.208
242470.119
242470.119
242475.584
242475.584
242524.208
242524.208
242625.693
242625.693
242685.010
242693.030
242770.099
242816.446
242825.099
242995.960
243120.317
243206.515
243349.723
244009.851
244340.453
244587.467
244633.950
245327.139
246414.762
247943.406
248463.614
248577.119
259814.446
259814.446
259852.27”/
259852.27”/
260013.802
260013.802
260090.16:)
260107.590
260122.690
260141.650
264195.396
267718.566
274715.342
275915.011
276430.224
276443.441
276784.258
276784.285
276812.964

242442.16473
242445.92122
242445.92122
242469.95867
242469.95869
242475.55329
242475.72882
242524.30939
242524.31204
242625.89274
242626.08360
242685.05841
242693.08638
242770.10493
242816.43557
242825.11254
242995.97560
243120.33644
243206.51211
243349.73792
244009.92462
244340.41462
244587.63537
244633.90922
245327.06891
246414.74233
247943.33730
248463.57290
248577.05422
259814.25331
259814.25339
259852.21922
259852.60771
260013.95730
260014.37943
260090.21227
260107.63934
260122.78843
260141.65010
264195.30562
267718.59927
274715.14259
275915.23465
276430.19017
276443.27500
276783.66410
276783.66410
276812.29720

0.81527
-0.71322
-0.71322
0.16033
0.16031
0.03071

-0.14482
-0.10139
-0.10404
-0.19974
-0.39060
-0.04841
-0.05638
-0.00593
0.01043

-0.01354
-0.01560
-0.01944
0.00289

-0.01492
-0.07362
0.03838 *

-0.16837
0.04078
0.07009
0.01967
0.06870
0.04110
0.06478
0.19269
0.19261
0.05778

-0.33071
-0.15530
-0.57743
-0.04727
-0.04934
--0.09843
-0.00010
0.09038

-0.03327
0.19941

-0.22365
0.03383
0.16600
0.59390
0.62090
0.66680
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TABLE 1- Continued
—-. ..— ..—. .. —._——.—— - —..
J’Ka’Kc’~ls  1 J1fKallKc~lql~ll

—— .—. .— - .— - ——.. — .-—
1 . 6 1 0 7 1 1 5 1 0 6 1
] 6 1 1 5 0 1 5 1 1 4 0
16 9 7 115 9 6 1
1.6 9 8 115 9 7 1
16 8 9 115 8 8 1
16 8 8 115 8 7 1
1 6 7 1 0 1 1 5 7 9 1
16 7 9 115 7 8 1
1 6 1 1 5 0 1 5 1 1 . 4 0
1 6 1 . 1 6 0 1 5 1 1 . 5 0
1 6 1 0 6 0 1 5 1 0 5 0
1 6 1 0 7 0 1 5 1 0 6 0
1 6 1 4 2 0 1 5 1 4 1 0
1 6 1 4 3 0 1 5 1 4 2 0
16 9 7 015 9 6 0
16 9 8 015 9 7 0
1 6 1 5 1 0 1 5 1 5 0 0
1 6 1 5 2 0 1 5 1 5 1 0
1.0 4 7 110 3 7 0
16 8 9 015 8 8 0
16 8 8 015 8 7 0
1 6 6 1 1 1 1 5 6 1 0 1
1 6 6 1 0 1 1 5 6 9 1
1 6 7 1 0 0 1 5 7 9 0
16 7 9 015 7 8 0
1 6 3 1 4 1 1 5 3 1 3 1
1 6 3 1 4 0 1 5 3 1 3 0
1 6 6 1 1 0 1 5 6 1 0 0
1 6 6 1 0 0 1 5 6 9 0
1 6 5 1 2 1 1 5 5 1 1 1
16 5 11 1 1 5 5 1 0 1
1 6 5 1 2 0 1 5 5 1 1 0
1 . 6 5 1 1 0 1 5 5 1 0 0
1 6 4 1 3 1 1 5 4 1 2 1
9 4 6 1 9 3 6 0
1 6 1 1 5 1 1 5 1 1 4 1
1 6 4 1 3 0 1 5 4 1 2 0
1 . 9 3 1 6 1 1 8 4 1 4 0
1 2 4 8 1 1 2 3 1 0 0
1 6 4 1 2 1 1 5 4 1 1 1
11 4 7 111 3 9 0
1 3 4 9 1 1 3 3 1 1 0
3 3 0 1 2 2 0 0
8 4 5 1 8 3 5 0
331 1 2 2 1 0
10 4 6 110 3 8 0
1 6 4 1 2 0 1 5 4 1 1 0
2 1 2 2 0 1 2 0 3 1 8 0

—. ——— —.— -— . . . . . .—- ------  —--
Ohs . Frea. Cal.c. Frea. Obs-Calc Ref.

(MHz) “
————-—__—_

276812.964
276816.838
276860.339
276860.339
276936.113
276936.113
27’7053.713
277053.713
277075.210
277075.210
277085.295
277085.295
277095.136
277095.136
277114.768
277114.768
277122.271
277122.271
277137.672
277163.955
277163.955
277240.830
277241.144
277253.700
277253.700
277278.966
277365.098
277413.498
277414.313
277547.190
277574.501
277700.231
277729.722
277926.479
277978.614
278042.263
278068.810
278207.572
278421.321
278453.016
278459.138
278532.296
278542.438
278549.382
278577.168
278!>85.834
278642.994
278-136.156

(MHz) -

——— -.. —.- .
276812.29720
276816.76628
276860.49771
276860.49771
276936.34913
276936.34932
277053.94029
277053.95567
277074.23830
277074.23830
277086.09673
277086.09673
277095.49011
277095.49011
277113.04928
277113.04928
277121.91376
277121.91376
277137.82936
277163.69735
277163.69756
277240.71812
277241.53009
277253.81233
277253.82921
277278.92546
277365,06177
277413.96336
277414.84499
277547.20233
277574.51930
277700.14485
277729.64083
277926.59568
277978.72881
278042.18501
278068.79952
278206.1.7077
278421.40416
278453.23452
278459.20937
278532.38358
278542.25907
278549.47560
278577.11091
278585.93343
278643.01891
278735.68652

(MHz)

0.66680 ‘-

0.07172
-0.15871
-0.15871
-0.23613
-0.23632
-0.22729
-0.24267
0.97170
0.97170

-0.80173
-0.80173
-0.35411
-0.35411
1.71872
1.71872
0.35724
0.35724

-0.15736
0.25765
0.25744
0.11188

-0.38609
-0.11233
-0.12921
0.04054
0.03623

-0.46536
-0.53199
-0.01233
-0.01830
0.08615
0.08117

-0.11668
-0.11481
0.07799
0.01048
1.40123

-0.08316
-0.21852
-0.07137
-0.08758
0.17893

-0.09360
0.05709

-0.09943
-0.02491
0.46948
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TABLE 1- Continued
—..
J’Ka’Kc’TS’ J“Ka’’Kc’’TS” Obs . Freq. Calc. l?req. ‘—Obs-Calc Ref.

(MHz) (MHz) (MHz)
—— ..—. ..— .. —.— —— .—-—-.  —— .—.. ——
9 4 5 1 9 3 7 0
1 4 4 1 0 1 1 4 3 1 2 0
7 4 4 1 7 3 4 0
8 4 4 1 8 3 6 0
7 4 3 1 7 3 5 0
6 4 3 1 6 3 3 0
6 4 2 1 6 3 4 0
5 4 2 1 5 3 2 0
6 6 0 0 5 5 0 1
6 6 1 055 1 1
5 4 1 1 5 3 3 0
4 4 1 1 4 3 1 0
4 4 0 1 4 3 2 0
15 4 11 1 15 313 0
17 1 17 016 1 16 0
17 1 17 116 1 16 1
16 4 12 1 16 3 14 0
17 0 17 0 16 0 16 0
17 0 17 1 16 0 16 1
16 313 1 15 3 12 1
17 4 13 1 17 3 15 0
9 54 0 84 4 1
9 5 5 0 8 4 5 1
16 2 14 015 2 13 0
8 1 7 1 7 0 7 0
16 214 1 15 3 12 0
17 2 15 016 1 15 1
14 3 12 0 13 2 12 1
12 4 8 011 3 8 1
18 4 14 1 18 316 0
6 2 5 1 5 1 5 0
12 4 9 011 3 9 1
15 1 14 1 14 2 12 0
18 315 1 18 2 17 0
23 2 21 023 1 23 1
19 4 15 1 19 3 17 0
7 2 5 1 6 1 5 0
17 3 14 0 16 2 14 1
17 2 16 016 2 15 0
17 2 16 116 2 15 1
22 320 1 21 4 18 0
2 0 4 1 6 1 2 0 3 1 8 0
1 7 1 1 6 0 1 6 1 1 5 0
1 5 2 1 3 1 1 5 1 1 5 0
1 7 1 1 6 1 1 6 1 1 5 1
17 11 7 1 1 6 1 1 6 1
1 7 1 0 7 1 1 6 1 0 6 1
1 7 1 0 8 1 1 6 1 0 7 1

278756.149
278868.251
278931.399
278937.211
279107.358
279183.485
279253.815
279347.612
279354.992
279354.992
279371..009
279452.910
279458.767
279523.450
280428.459
280521.485
280611.376
280788.955
280936.369
281708.862
282266.910
282834.775
282840.115
283136.475
283243.086
283281.123
283690.684
283823.928
284420.291
284643.524
286080.933
286252.847
286528.225
287028.398
287707.708
287913.320
288022.998
288699.64?
289459.939
289820.642
290199.631
292261.825
293094.388
293716.890
294090.49”/
294090.497
294127.1”14
294127.174

278”156.1.8769
278868.32218
278931.47617
278937.26571
279107.36525
279183.55442
279253.76943
279347.59612
279354.64247
279354.64264
279370.95754
279452.84520
279458.67572
279523.47676
280428.32466
280521.39217
280611.64951
280788.83833
280936.28966
281708.70104
282266.95449
282834.59916
282840.02162
283136.40124
283243.18444
283281.06427
283690.42325
283824.01334
284420.32016
284643.43344
286080.88970
286252.80470
286528.33948
287028.00939
28”1707.92529
287913.02687
288023.05850
288699.51091
289459.80225
289820.67740
290199.52808
292261.33076
293094.30109
293716.86532
294090.32450
294090.32450
294126.37632
294126.37632

-0 .03869
- 0 . 0 7 1 1 8
-0 .07717
-0 .05471
-0 .00725
-0 .06942

0.04557
0.01588
0.34953
0.34936
0.05146
0.06480
0.09128

-0 .02676
0.13434
0.09283

-0 .27351
0.11667
0.07934
0.16096

-0 .04449
0.17584
0.09338
0.07376

-0 .09844
0.05873 *
0.26075

-0 .08534
- 0 . 0 2 9 1 6

0.09056
0.04330
0.04230

- 0 . 1 1 4 4 8
0.38861

-0 .21729
0.29313

-0 .06050
0.13109 *
0.13675

-0 .03540
0.10292
0.49424
0.08691
0.02468
0.17250
0.17250
0.79768
0.79768
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TABLE 1- Continued
— . ..—
J’Ka’Kc’TS’ J“Ka=Kc’’TS”

. .. ——. ——-— --————.. ..— —
Obs . Freq. Calc. Freq. Obs-Calc Ref.

(MHz) (MHz ) (MHz)
.——. . —.—— —— . ..-. —-—. —
17 9 9 116 9 8 1
17 9 8 116 9 7 1
17 8 1 0 1 1 6 8 9 1
17 0 9 116 8 8 1
1 7 1 0 7 0 1 6 1 0 6 0
1 7 1 0 8 0 1 6 1 0 7 0
1 7 7 1 1 1 1 6 7 1 0 1
1 7 7 1 0 1 1 6 7 9 1
17 3 1 5 1 1 6 3 1 4 1
1 6 2 1 4 1 1 5 2 1 3 1
1 7 8 1 0 0 1 6 8 9 0
17 8 9 016 8 8 0
1 7 3 1 5 0 1 6 3 1 4 0
1 7 7 1 1 0 1 6 7 1 0 0
1 7 7 1 0 0 1 6 7 9 0
17 6 12 1 1 6 6 1 1 1
1 7 6 1 1 1 1 6 6 1 0 1
1 7 6 1 2 0 1 6 6 1 1 0
17 6 11 0 1 6 6 1 0 0
1 7 5 1 3 1 1 6 5 1 2 1
) 7 5 1 2 1 1 6 5 1 1 1
1 7 5 1 3 0 1 6 5 ,12 0
1 7 5 1 2 0 1 6 5 1 1 0
)7 4 14 1 1 6 4 1 3 1
1 7 4 1 4 0 1 6 4 1 3 0
4 3 1 1 3 2 1 0
1 5 2 1 4 0 1 4 1 1 4 1
4 3 2 1 3 2 2 0
1 7 4 1 3 1 1 6 4 1 2 1
1 7 4 1 3 0 1 6 4 1 2 0
2 3 2 2 2 1 2 2 3 2 0 0
1 8 1 1 8 0 1 7 1 1 7 0
7 6 1 0 6 5 1 1
7 6 2 0 6 5 2 1
1 8 1 1 8 1 1 7 1 1 7 1
1 8 0 1 8 0 1 7 0 1 7 0
1 8 0 1 8 1 1 7 0 1 7 1
2 1 4 1 7 1 2 1 3 1 9 0
1 6 1 1 5 1 1 5 2 1 . 3 0
1 7 2 1 5 0 1 6 2 1 4 0
1 7 3 1 4 1 1 6 3 1 3 1
1 0 5 5 0 9 4 5 1
1 0 5 6 0 9 4 6 1
17 3 1 4 0 1 6 3 1 3 0
13 4 9 012 3 9 1
1 9 3 1 6 1 1 9 2 1 8 0
1 7 2 1 5 1 1 6 2 1 4 1
1 6 1 1 5 0 1 5 0 1 . 5 1

294185.132
294185.132
294276.594
294276.594
294416.345
294416.345
294417.831
2944)7.831
294460.377
294494.444
2945)8.954
294518.954
294533.258
294630.647
294630.647
294641.882
294643.531
294826.033
294827.796
295004.020
295051.349
295168.020
295219.112
295397.587
295547.097
295775.698
295852.063
295948.758
296188.809
296410.011
296596.752
296645.828
296721.007
296721.007
296724.756
296913.286
297023.174
297881.279
298546.402
299100.615
300001.296
300163.670
300177.556
300447.984
300833.750
301134.263
301362.624
302546.43’1

294185.33709
294185.33710
294276.89526
294276.89578
294417.32873
294417.32873
294418.06168
294418.09692
294460.33396
294494.32683
294518.63152
294518.63210
294533.20688
294630.78229
294630.82092
294641.84402
294643.45886
294826.70107
294828.45312
295004.01434
295051.34771
295167.90809
295218.98855
295397.53397
295547.14371
295775.61129
295851.88274
295948.63825
296188,51185
296410.01466
296596.58066
296645.67436
296720.71104
296720.71287
296724.66036
296913,14546
29”1023.08479
2 9-7880.54004
298546.50373
299100.52575
300001.04367
300163.52755
300177.51584
300447.89058
300833.76261
301133.64069
301362.53836
302546.20722

-0 .20509
- 0 . 2 0 5 1 0
- 0 . 3 0 1 2 6
- 0 . 3 0 1 7 8
-0 .98373
-0 .98373
-0 .23068
-0 .26592

0.04304
0.11717 *
0.32248
0.32190
0.05112

- 0 . 1 3 5 2 9
-0 .17392

0.03798
0.07214

-0 .66807
-0 .65712

0.00566
0.00129
0.11191
0.12345
0.05303

--0.04671
0.08671
0.18026
0.11975
0.29715

- 0 . 0 0 3 6 6
0.17134
0.15364
0.29596
0.29413
0.09564
0.14054
0.08921
0.73896

- 0 . 1 0 1 7 3
0.08925
0.25233
0.14245
0.04016
0.09342 *

-0 .01261
0.62231
0.08564 *
0.22978
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TA131...E  1- Continued
—. -.. . .. —.. .——
J’Ka ‘Kc’TS’ J“KaTK~S”

.—— —.-— ..— .- —.. —.— — . .. —.- ..— —— .-—
Obs. Freq. Calc. Freq. Obs-Calc Re~.

(MHz) (MHz) (MHz)
—. ----- .—.. — .. ——_, — .—— ——. — . . ..— —— ——-..———. ——--.——
1 8 9 1 0 1 1 7 9 9 1
18 9 9 117 9 8 1
1 8 3 1 6 1 1 7 3151
1 8 8 1 1 1 1 7 8 1 0 1
18 8 10 1 17 8 9 1
1 8 3 1 6 0 1 7 3 1 5 0
1 8 1 0 8 0 1 7 1 0 7 0
1 8 1 0 9 0 1 7 1 0 8 0
18 7 12 1 1 7 7 1 1 1
1 8 7 1 1 1 1 7 7 1 0 1
18 8 11 0 1 7 8 1 0 0
1 8 8 1 0 0 1 7 8 9 0
1 8 7 1 2 0 1 7 7 1 1 0
1 8 7 1 1 0 1 7 7 1 0 0
1 8 6 1 3 1 1 7 6 1 2 1
1 8 6 1 2 1 1 7 6 1 1 1
1 8 6 1 3 0 1 7 6 1 2 0
1 8 6 1 2 0 1 7 6 1 1 0
1 8 5 1 4 1 1 7 5 13 1
1 8 5 1 3 1 1 7 5 12 1
1 8 5 1 4 0 1 7 5 1 3 0
1 8 5 1 3 0 1 7 5 1 2 0
1 9 1 1 9 0 1 8 1 1 8 0
1 8 4 1 5 1 1 7 4 1 4 1
5 3 2 1 4 2 2 0
1 9 1 1 9 1 1 8 1 1 8 1
1 8 1 1 7 1 1 7 2 1 5 0
1 8 4 1 5 0 1 7 4 1 4 0
1 9 0 1 9 0 1 8 0 1 8 0
1 7 2 1 5 1 1 6 3 1 3 0
1 9 0 1 9 1 1 8 0 1 8 1
5 3 3 1 4 2 3 0
1 8 2 1 6 0 1 7 1 1 6 1
18 4 14 1 17 4 1 3 1
8 6 2 0 7 5 2 1
8 6 3 0 7 5 3 1
1 8 4 1 4 0 1 7 4 1 3 0
1 4 4 1 0 0 1 3 3 1 0 1
1 8 3 1 5 0 1 7 3 1 4 0
1 8 3 1 5 1 1 7 3 1 4 1
1 8 2 1 6 1 1 7 2 1 5 1

‘ 1 4 4 1 1 0 1 3 3 1 1 1
1 9 3 1 6 0 1 8 2 1 6 1
1 9 2 1 8 0 1 8 2 1 7 0
1 9 5 1 5 1 1 9 4 1 5 0
1 9 1 1 8 0 1 8 1 1 7 0
1 9 2 1 8 1 1 8 2 1 6 0
1 9 1 1 8 1 1 8 1 1 7 1

311513.702
311513.702
311585.586
311622.903
31162.2.903
311639.677
311749.857
311749.857
311790.683
311790.683
3118-19.786
3118”19.786
312016.431
312016.431
312056.487
312059.539
312252.054
312255.371
312477.928
312557.108
312652.942
312738.303
312850.289
312864.1.96
312885.400
312922.204
313001.806
313019.627
313047.014
313110.984
313138.245
313400.819
313665.263
314016.288
314093.24”/
314093.24’/
314277.004
316888.72-/
318262.673
318305.153
319168.372
321461.359
322461.310
322466.533
322617.898
325203.139
325812.426
326845.257

311513.97720
311513.97722
311585.47557
311623.25685
311623.25816
311639.62079
311750.96713
311750.96713
311791.00361
311791.08016
311879.39873
311879.40017
312016.61129
312016.69511
312056.37191
312059.44683
312252.93750
312256.27093
312477.91356
312557.07718
312652.76271
312738.14186
312850.13350
312864.13536
312885.29694
312922.11012
313001.76908
313019.64828
313046.86483
313110.91803
313138.14376
313400.73326
313664.89342
314016.09974
314093.08250
314093.09341
314277.04324
316888.81177
318262.58807
318304.83491
319168.24387
321461.29473
322461.25876
322466.39680
322618s12028
325203.05697
325812.45597
326845.21615

- 0 . 2 7 5 2 0
-0 .27522

0.11043
- 0 . 3 5 3 8 5
- 0 . 3 5 5 1 6

0.05621
- 1 . 1 1 0 1 3
-1 .11013
-0 .32061
- 0 . 3 9 7 1 6

0.38727
0.38583

- 0 . 1 8 0 2 9
-0 .26411

0.11509
0.09217

- 0 . 8 8 3 5 0
- 0 . 8 9 9 9 3

0.01444
0.03082
0.17929
0.16114
0.15550
0.06064
0.10306
0 .09388
0.03692

- 0 . 0 2 1 2 8
0.14917
0.06597 *
0.10124
0.08574
0.36958
0.18826
0.16450
0.15359

-.0.03924
-.0.08477

0.08493
0.31809
0.12813
0.06427
0.05124 *
0.13620

--0.22228
0.08203

- 0 . 0 2 9 9 7
0.04085
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TABLE J - Con~inued
—.—. — . —
J’Ka’Kc’TS’ J“Kal’Kc’’~l~”

——.—— ——. .——. .—. ——
Ohs. Freq.

_ -. ..— —
Ca l.c. Freq. Obs-Calc Ref.

(MHz) (MHz) (MHz )
—. _. ,. -._. ._ _— ..-— — .. ——— —-— —— --———..—— ..-——. . .

8 2 7 1 7 1 7 0
1 9 1 0 9 0 1 8 1 0 8 0
1 9 1 0 1 0 0 1 8 1 0 9 0
2 0 1 2 0 1 1 9 1 1 9 1
1 9 7 1 3 1 1 8 7 1 2 1
1 9 7 1 2 1 1 8 7 1 1 1
2 0 0 2 0 0 1 9 0 1 9 0
1 9 7 1 3 0 1 8 7 1 2 0
1 9 7 1 2 0 1 8 7 1 1 0
1 9 6 1 4 1 1 8 6 1 3 1
1 9 6 1 3 1 1 8 6 1 2 1
1 9 5 1 5 0 1 8 5 1 4 0
1 9 2 1 7 0 1 8 2 1 7 1
11 5 7 111 4 7 0
10 1 9 1 90 9 0
2 0 2 1 9 0 1 9 2 1 8 0
2 0 2 1 9 1 1 9 2 1 8 1
2 1 1 2 1 0 2 0 1 2 0 0
1 7 2 1 6 0 1 6 1 1 6 1
21 4 17 1 2 0 4 1 6 1
2 1 4 1 7 0 2 0 4 1 6 0
20 2 18 1 1 9 3 1 6 0
1 8 3 1 6 0 1 7 2 1 6 1
2 1 2 1 9 0 2 0 2 1 8 0
14 5 9 0134 9 1
1 4 5 1 0 0 1 3 4 1 0 1
2 1 2 1 9 1 2 0 3 1 7 0
2 2 2 2 0 1 2 1 3 1 8 0
1 0 2 9 1 9 1 9 0
22 2 21 0 2 1 2 2 0 0
2 2 2 2 1 1 2 1 2 2 0 1
21 3 1 8 0 2 0 2 1 8 1
2 1 3 1 8 1 2 0 3 1 7 1
2 2 1 2 1 0 2 1 1 2 0 0
2 2 1 2 1 1 2 1 1 2 0 1
1 2 2 1 0 1 1 1 1 1 0 0
2 0 2 1 8 0 1 9 1 1 8 1
1 7 4 1 4 0 1 6 3 1 4 1
2 3 6 1 8 1 2 3 5 1 8 0
1 8 4 1 4 0 1 7 3 1 4 1
2 3 1 2 3 0 2 2 1 2 2 0
2 3 0 2 3 0 2 2 0 2 2 0
2 3 1 2 3 1 2 2 1 2 2 1
2 3 0 2 3 1 2 2 0 2 2 1
24 6 18 1 2 4 5 2 0 0
9 3 6 1 8 2 6 0

23 6 17 1 2 3 5 1 9 0
2 2 3 2 0 0 2 1 3 1 9 0

327671.010
329085.881
329085.881
329112.286
3291”/ 2.960
329172.960
329187.752
329411.594
329411.594
329485.248
329490.891
330154.099
331228.871
331648.822
331880.352
338887.931
339461.788
345229.248
345675.752
368164.657
368600.073
368697.041
368793.521
369095.470
369119.518
369371.712
370704.253
370910.178
371439.570
371592.623
371754.201
371994.814
372824.240
373079.996
373394.675
375101.696
375201.682
375572.909
376474.922
376669.899
377576.576
377632.021
377643.013
377-/01.17’7
377814.411
378438.196
378699.471
379367.994

327670.94543
329087.14917
329087.14917
329112.21102
329173.31571
3291’73.47438
329187.62614
329411.84348
329412.01703
329485.03979
329490.67354
330153.88019
331228.74651
331649.10991
331880.43055
338887.83890
339461..86191
345229.05645
345677.36220
368164.29968
368600.30300
368696.85362
368793.50046
369095.31733
369119.40022
369371.58125
370704.16853
370910.16680
371439.50405
371592.68444
371754.43542
371994.69257
372823.77610
373079.99266
373394.71442
375101.83332
375201.93756
375572.90695
376473.98155
376670.69224
377578.20169
377632.20737
377642.95384
377701.09477
377813.07609
378438.13978
378698.92080
379367.96017

0.06457
-1.26817
-1..26817
0.07498

-0.35571
-0.51438
0.12586

-0.24948
-0.42303
0.20821
0.21746
0.21881
0.12449

-0.28791
-0.07855
0.09210

-0.07391
0.19155

-1.61020
0.35732

-0.23000
0.18738 *
0.02054
0.15267
0.11778
0.13075
0.08447 *
0.01120
0.06595

-0.06144
-0.23442
0.12143 *
0.46390
0.00334

-0.03942
-0.13732
-0.25556
0.00205
0.94045

-0.79324
-1.62569
-0.18637
0.05916
0.08223
1.33491
0.05622
0.55020
0.03383

37



TABLE 1- Continued
—-- ,.-
J‘ KayKmS ‘ Jt~Ka II KC IItj~71” ““-””

—— .——. —..
Ohs. Freq.

_— . .._
Calc. Freq. Obs-Calc Ref.

(MHz) (MHz) (MHz)
. . . . . .— —— .——
8 2 7 1 7 1 7 0
1 9 1 0 9 0 1 8 1 0 8 0
2 2 6 1 6 1 2 2 5 1 8 0
9 7 2 0 8 6 2 1
9 7 3 0 8 6 3 1

21 6 15 1 21 5 17 0
20 6 15 1 20 5 15 0
22 9 14 1 21 9 13 1
22 9 13 1 21 9 12 1
22 8 15 1 21 8 14 1
22 8 14 121 8 13 1
20 6 14 1 20 5 16 0
20 614 1 20 5 16 0
22 7 16 1 21 7 1 5 1
22 7 15 121 7 14 1
2 2 8 1 5 0 2 1 8 1 4 0
2 2 8 1 4 0 2 1 8 1 3 0
19 6 14 1 1 9 5 1 4 0
2 2 7 1 6 0 2 1 “? 15 0
2 2 7 1 5 0 2 1 7 14 0
9 3 7 1 8 1 8 1

22 6 17 1 2 1 6 1 6 1
2 2 6 1 6 1 2 1 6 1 5 1
1 9 6 1 3 1 1 9 5 1 5 0
1 8 6 1 3 1 1 8 5 1 3 0
2 2 5 1 8 1 2 1 5 1 7 1
2 2 4 1 9 1 2 1 4 1 8 1
18 6 12 1 1 8 5 1 4 0
2 2 4 1 9 0 2 1 4 1 8 0
2 2 5 1 8 0 2 1 5 1 7 0
2 2 5 1 7 1 2 1 5 1 6 1
1 7 6 1 2 1 1 7 5 1 2 0
6 4 2 1 5 3 2 0
17 6 11 1 1 7 5 1 3 0
6 4 3 1 5 3 3 0
2 2 5 1 7 0 2 1 5 1 6 0
12 6 6 011 5 6 1
12 6 7 011 5 7 1
16 6 11 1 1 6 5 1 1 0
1 6 6 1 0 1 1 6 5 1 2 0
1 5 6 1 0 1 1 5 5 1 0 0
1 5 6 9 1 1 5 5 1 1 0
27 4 23 1 2 6 5 2 1 0
12 1 1 1 1 1 1 0 1 1 0
14 6 9 114 5 9 0
1 4 6 8 1 1 4 5 1 0 0
2 3 2 2 1 1 2 2 3 1 9 0
13 6 8 113 5 8 0

327671.010
329085.881
379577.142
379963.661
379963.661
380421.546
380638.452
3808”/ 0.647
380870.647
381073.355
381073.355
381214.825
381214.825
381381.456
381381.619
381388.361
381388.361
381597.134
381658.609
381659.888
381744.588
381862.972
381891.519
381946.068
382404.197
382519.683
382535.072
382609.237
382688.714
382735.884
382982.364
383086.021
383190.973
383202.639
383213.621
383233.259
383591.612
383592.854
383663.213
383727.148
384152.214
384185.86-/
384379.359
384460.109
384566.168
384583.062
384676.986
384915.813

327670.94543
329087.14917
379577.08390
379963.18477
379963.18498
38042] .71054
380638.83160
380870.97627
380870.97686
381073.93576
381073.96610
381215.15127
381215.15127
381387.10383
381383.22380
381387.78663
381387.82009
381597.45346
381659.50838
381660.72912
381744.44807
381862?.08438
381890.62739
381946.38415
382404.52679
382519.52839
382534.95139
382609.59080
382688.87620
382735.25403
382982.12029
383086.29674
383190.961.91
383202.90668
383213.70977
383232.73199
383591.68794
383592.98324
383663.44128
383727.35590
384152.36398
384185.97067
384379.84410
384460.15147
384566.23368
384583.08592
384676.87169
384915.79293

0.06457
-1 .26817

0.05810
0.47623
0.47602

-0 .16454
- 0 . 3 7 9 6 0
-0 .32927
-0 .32986
-0 .58076
- 0 . 6 1 1 1 0
-0 .32627
-0 .32627
-0 .64783
- 1 . 6 0 4 8 0

0.57437
0.54091

- 0 . 3 1 9 4 6
- 0 . 8 9 9 3 8
-0 .84112

0.13993
0.88762
0.89161

- 0 . 3 1 6 1 5
- 0 . 3 2 9 7 9

0.15461
0.12061

- 0 . 3 5 3 8 0
- 0 . 1 6 2 2 0

0.62997
0.24371

-0 .27574
0.01109

- 0 . 2 6 7 6 8
-0 .08877

0.52701
-0 .07594
-0 .12924
- 0 . 2 2 8 2 8
- 0 . 2 0 7 9 0
- 0 . 1 4 9 9 8
-0 .10367
- 0 . 4 8 5 1 0
-0 .04247
-0 .06568
-0 .02392

0.11431
0.02007
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TABLE 1- Con~inue~
—.. — __ —— ___ ._. ___.. — .- __— .._— — —
J’K~’Kc’~S’ J“Ka’’Kc’’TS” Obs . Freq. Cal. c. Freq. Obs-Calc Ref.

(MHz ) (MHz) (MHz)
_.— .—. — . . ..— ---- .—— — ..— —— ———— ——
13 6 7 113 5 9 0
12 6 7 112 5 7 0
12 6 6 112 5 8 0
11 6 6 111 5 6 0
11 6 5 111 5 7 0
10 6 5 110 5 5 0
10 6 4 110 5 6 0
2 2 2 2 0 0 2 1 2 1 9 0
9 6 4 1 9 5 4 0
9 6 3 1 9 5 5 0
8 6 3 1 8 5 3 0
8 6 2 1 8 5 4 0
7 6 2 1 7 5 2 0
7 6 1 1 7 5 3 0
6 6 1 1 6 5 1 0
6 6 0 1 6 5 2 0
15 5 10 014 4 10 1
9 3 7 1 8 2 7 0
22 4 18 121 4 17 1
15 5 11 014 4 11 1
22 4 18 021 4 17 0
21 3 18 020 3 17 0
19 1 18 018 0 18 1
22 2 20 1 21 2 19 1
23 2 22 022 2 21 0
23 2 22 1 22 2 21 1
23 1 22 022 1 21 0
23 1 22 122 1 21 1
22 3 19 0 21 3 1 8 0
19 4 15 018 3 15 1
22 3 19 1 21 3 18 1
24 1 24 023 1 23 0
24 0 24 0 23 0 23 0
10 3 7 1 92 7 0
24 1 24 1 23 1 23 1
24 024 1 23 0 23 1
11 2 10 1 10 1 10 0
1 8 4 1 5 0 1 7 3 1 5 1
2 3 3 2 1 0 2 2 3 2 0 0
2 3 3 2 1 1 2 2 3 2 0 1
2 4 2 2 2 1 2 3 3 2 0 0
1 9 2 1 8 0 1 8 1 1 8 1
1 0 7 3 0 9 6 3 1
10 7 4 09 6 4 1
2 3 9 1 5 1 2 2 9 1 4 1
2 3 9 1 4 1 2 2 9 1 3 1
2 3 8 1 6 1 2 2 8 1 5 1
2 3 8 1 5 1 2 2 8 1 4 1

384923.814
385210.064
385213.596
385456.416
385457.883
385661.710
385661.710
385796.610
385830.888
385830.888
385969.534
385969.534
386081.938
386081.938
386171.905
386171.905
386179.108
386381.522
386447.061
386625.511
386953.565
387122.262
387163.680
387328.208
387886.682
388019.539
389058.-/05
389299.117
389732.091
390623.184
390745.476
393744.934
393783.005
393800.939
393808.985
393850.481
394128.058
394132.204
396117.14”1
396629.777
396733.643
396890.001.
397370.263
397370.263
398221.693
398221.693
398454.146
398454.146

39

384923.79267
385209.96797
385213.52(173
385456.31569
385457.78329
385661.34156
385661.89220
385796.38585
385830.71864
385830.90223
385969.43331
385969.48576
386081.87827
386081..89037
386171.90917
386171.91118
386178.97703
386381.49133
386446.67799
386625.32861
386953.84603
387122.04870
387163.41744
387328.04697
387886.84596
388019.50928
389058.75942
389299.08325
389732.01171
390624.33863
390745.00564
393744.15666
393782.77798
393800.85542
393808.90826
393850.43052
394127.91491
394132.22127
396117.15149
396630.52688
396733.74389
396889.67459
397369.84146
397369.84251
398221.96332
398221.96463
398454.74140
398454.80171

0.02133
0.09603
0.06727
0.10031
0.09971
0.36844

--0.18220
0.22415
0.16936

-0.01423
0.10069
0.04824
0.05973
0.04763

-0.00417
-“0.00618
0.13097
0.03067
0.38301
0.18239

-0.28103
0.21330 *
0.26256
0.16103

-0.16396
0.02972

-0.05442
0.03375
0.07929

-1.15463
0.47036
0.77734
0.22702
0.08358
0.07674
0.05048
0.14309

-0.01727
-0.00449
-0.74968
-0.10089
0.32641
0.42154
0.42049

-0.27032
-0.27163
--0.59540
--0.65571



TABI..E I - Continued
——. ..— .—— —-. —..—.  — .— .. ——.. — .. —.-— —
J’~a’Kc’TS’ J“~a’’Kc’’~S”

.—..
Obs . Freq. Calc. Freq. Obs-Calc Ref.

(MHz) (t4Hz) (MHz)
—— . . . . .———— . . ..—. ..-.. —-. ——— —— . . . . . ——.-—— .——. — _—
2 3 8 1 6 0 2 2 8 1 5 0
2 3 8 1 5 0 2 2 8 1 4 0
2 3 7 1 7 1 2 2 7 1 6 1
2 3 7 1 6 1 2 2 7 1 5 1
2 3 7 1 7 0 2 2 7 1 6 0
2 3 7 1 6 0 2 2 7 1 5 0
2 3 6 1 8 1 2 2 6 1 7 1
2 3 6 1 7 1 2 2 6 1 6 1
2 3 4 2 0 1 2 2 4 1 9 1
2 3 4 2 0 0 2 2 4 1 9 0
2 3 5 1 9 1 2 2 5 1 8 1
2 3 5 1 9 0 2 2 5 1 8 0

7 4 3 1 6 3 3 0
7 4 4 1 6 3 4 0

2 3 5 1 8 1 2 2 5 1 7 1
13 6 7 012 5 7 1
13 6 8 012 5 8 1
2 3 5 1 8 0 2 2 5 1 7 0
1 0 3 8 1 9 2 8 0
2 3 2 2 1 0 2 2 2 2 0 0
21 2 19 0 2 0 1 1 9 1
1 6 5 1 1 0 1 5 4 1 1 1
23 2 21 1 2 2 2 2 0 1
2 4 8 1 7 1 2 3 8 1 6 1
2 4 8 1 6 1 2 3 8 1 5 1
2 4 8 1 7 0 2 3 8 1 6 0
2 4 8 1 6 0 2 3 8 1 5 0
2 4 7 1 . 8 1 2 3 7 1 7 1
24 7 17 1 2 3 7 1 6 1
2 4 7 1 8 0 2 3 7 1 7 0
2 4 7 1 7 0 2 3 7 1 6 0
2 4 4 2 1 1 2 3 4 2 0 1
24 4 21 0 2 3 4 2 0 0
1 2 2 1 1 1 1 1 1 1 1 0
2 4 5 2 0 1 2 3 5 1 9 1
2 4 5 2 0 0 2 3 5 1 9 0
1 4 2 1 2 1 1 3 1 1 2 0
14 6 8 013 5 8 1
14 6 9 013 5 9 1
2 4 2 2 2 0 2 3 2 2 1 0
2 4 5 1 9 1 2 3 5 1 8 1
2 4 5 1 9 0 2 3 5 1 8 0

5 5 0 1 4 4 0 0
1 1 4 4 1 0

2i~ 221232211
1 7 5 1 2 0 1 6 4 1 2 1
2 5 2 2 4 0 2 4 2 2 3 0
25 2 24 1 2 4 2 2 3 1

398783.607
398783.607
398806.834
398808.848
399096.768
399098.955
399354.164
399400.543
399863.613
400006.823
400053.475
4002-78.247
400366.921
400434.694
400729.369
400950.217
400953.435
401004.192
401639.423
402185.370
402353.739
403111.962
403498.908
415842.943
415842.943
416186.763
416186.763
416244.411
416247.936
416546.973
416550.788
417141.695
417268.203
417335.616
417588.055
417820.172
418091.228
418293.251
418300.189
418357.37’7
418553.785
418856.381
419283.879
419283.879
419393.606
419878.043
420383.80’1
420497.073
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398783.00882
398783.07523
398807.56040
398809.57341
399097.92344
399100.11477
399352.81030
399399.20503
399863.49676
400007.01183
400053.25334
400277.36813
400366.96758
400434.79944
400729.03962
400950.58455
400953.70740
401003.48608
401639.24623
402184.95628
402353.89199
403111.81317
403498.71660
415843.56324
415843.67927
416186.22502
416186.35261
416245.23588
416248.75508
416548.52903
416552.35480
417141.55155
417268,43920
417335.51129
417587.80294
417818.98411
418091.23604
418293.76278
418300.73136
418356.54918
418553.38843
418855.48589
419284.14231
419284.15453
419393.39765
419877.56721
420384.24423
420497.09912

0.59818
0.53177

- 0 . 7 2 6 4 0
-0 .72541
-1 .15544
-1 .15977

1.35370 ●

1.33797
0.11624

- 0 . 1 8 8 8 3
0.22166
0.87887

- 0 . 0 4 6 5 8
-0 .10544

0.32938
- 0 . 3 6 7 5 5
- 0 . 2 7 2 4 0

0.70592
0.17677
0.41372

- 0 . 1 5 2 9 9
0.14883
0.19140

-0 .62024
-0 .73627

0.53798
0.41039

- 0 . 8 2 4 8 8
- 0 . 8 1 9 0 8
- 1 . 5 5 6 0 3
--1.56680

0.14345
- 0 . 2 3 6 2 0

0.10471
0.25206
1.18789

- 0 . 0 0 8 0 4
- 0 . 5 1 1 7 8
- 0 . 5 4 2 3 6

0.82782
0.39657
0.89511

-0 .26331
- 0 . 2 7 5 5 3

0.20835
0.47579

- 0 . 4 3 7 2 3
-0 .02612



TABLE I - Continued
——. —.—
J f Ka I Kc ~ rrs t J ,,Ka lfK~ ‘f ~“s-=-’-  ““-o—b~- ~~e-q~ ‘“ Ca]c . ‘F’req  ..— —..

Obs-Calc Ref.
(MHz) (MHz) (MHz)

_ .——-—-— — .—. ___— .—. - —.. —
11 3 9 110 2 9 0
2 5 1 2 4 0 2 4 1 2 3 0
1 7 5 1 3 0 1 6 4 1 3 1
2 5 1 2 4 1 2 4 1 2 3 1
2 0 2 1 9 0 1 9 1 1 9 1
12 3 9 111 2 9 0
2 4 4 2 0 0 2 3 4 1 9 0
2 6 1 2 6 0 2 5 1 2 5 0
2 6 0 2 6 0 2 5 0 2 5 0
2 4 3 2 1 1 2 3 3 2 0 1
2 6 1 2 6 1 2 5 1 2 5 1
2 6 0 2 6 1 2 5 0 2 5 1
2 2 2 2 0 0 2 1 1 2 0 1
1 2 7 5 0 1 1 6 5 1
12 7 6 011 6 6 1
2 0 4 1 7 0 1 9 3 1 7 1
2 8 1 2 8 0 2 7 1 . 2 7 0
2 8 0 2 8 0 2 7 0 2 7 0
2 8 1 2 8 1 2 7 1 . 2 7 1
2 8 0 2 8 1 2 7 0 2 7 1
2 3 2 2 1 0 2 2 1 . 2 1 1
1 3 3 1 1 1 1 2 2 1 1 0
2 6 3 2 3 0 2 5 3 2 2 0
2 6 4 2 2 1 2 5 4 2 1 1
2 6 4 2 2 0 2 5 4 2 1 0
2 6 3 2 3 1 2 5 3 2 2 1
2 7 3 2 5 0 2 6 3 2 4 0
2 7 3 2 5 1 2 6 3 2 4 1
2 2 3 2 0 0 2 1 2 2 0 1
1 4 2 1 3 1 1 3 1 1 3 0
2 7 2 2 5 1 2 6 2 2 4 1
14 7 7 013 6 7 1
14 7 8 013 6 8 1
1 5 3 1 2 1 1 4 2 1 2 0
2 7 9 1 9 1 2 6 9 1 8 1
2 7 9 1 8 1 2 6 9 1 7 1
11 4 7 110 3 7 0
2 7 4 2 4 1 2 6 4 2 3 1
2 0 5 1 5 0 1 9 4 1 5 1
2 7 4 2 4 0 2 6 4 2 3 0
2 7 7 2 0 1 2 6 7 1 9 1
2 8 2 2 7 0 2 7 2 2 6 0
1 5 1 1 4 1 1 4 0 1 4 0
28 2 27 1 27 2 2 6 1
11 4 8 110 3 8 0
2 8 1 2 7 0 2 7 1 2 6 0
28 1 27 1 2 7 1 2 6 1
2 7 5 2 3 1 2 6 5 2 2 1

420822.417
421084.733
421109.552
421253.552
422855.709
423448.149
423882.058
426061.680
426081.243
426112.060
426126.044
426147.676
430573.743
432197.535
432197.535
432290.021
458362.010
4583”? 2.027
458429.090
458439.558
459364.408
459798.058
460065.262
460218.301
460722.493
460855.706
462416.021
462691.944
463176.666
465227.149
466594.016
467028.018
467028.018
467671.063
467680.586
467680.586
467899.995
468639.355
468641.991
468647.113
468652.020
468966.086
469023.807
469071.876
469242.249
469269.297
469396.062
470133.730
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420822.27661
421084.91755
421109.13465
421253.56193
422855.40336
423448.07551
423882.45710
426061.75457
426081.29499
426111.74110
42612”].26840
426148.24603
430573.72185
432197.23361
432197.24772
432290.29469
458362.28020
458372.04994
458429.15492
458439.63584
459363.96372
459798.08596
460065.63657
460218.05215
460723.00728
460855.81194
462415.62669
462692.22688
463177.36404
465227.04869
466593.84428
467027.73169
467027.84528
467670.85586
467679.93328
467679.95514
467900.13391
468639.38436
468641.51046
468647.36030
468653.18309
468966.98699
469023.77928
469071.96087
469242.35416
469269.19686
469396.13172
4701.33.24168

0.14039
-0.18455
0.41735

-0.00993
0.30564
0.07349

-0.39910
-0.07457
-0.05199
0.31890

-1.22440
-0.57003
0.02115
0.30139
0.28728

-0.27369
-0.27020
-0.02294
-0.06492
-0.07784
0.44428

-0.02796
-0.37457
0.24885

-0.51428
-0.10594
0.39431

-0.28288
-0.69804
0.10031
0.17172
0.28631
0.17272
0.20714
0.65272
0.63086

-0.13891
-0.02936
0.48054

-0.24730
-1.16309
-0.90099
0.02772

-0.08487
-0.10516
0.10014

-0.06972
0.48832



‘rABL.E  ] - Continued
——
J’~a’Kc’TS’  J“Ka’’Kc~ll’S” Obs . Freq. Calc. Freq.

_— -_
Obs-Calc Ref.

(MHz) (MHz) (MHz)
—. ..- ——..— — .—
11 3 9 110 2 9 0
2 5 1 2 4 0 2 4 1 2 3 0
2 2 1 2 1 0 2 1 0 2 1 1
8 5 3 1 7 4 3 0
8 5 4 1 7 4 4 0
22 4 19 021 3 19 1
27 522 1 26 5 21 1
20 516 0 19 4 16 1
27 5 22 0 26 5 21 0
29 1 29 0 28 1 2 8 0
29 0 29 0 28 0 28 0
29 1 29 128 1 28 1
29 0 29 1 28 0 28 1
2 2 2 2 1 0 2 1 1 2 1 1
2 7 3 2 4 0 2 6 3 2 3 0
2 7 3 2 4 1 2 6 3 2 3 1
2 7 4 2 3 1 2 6 4 2 2 1
2 8 3 2 6 0 2 7 3 2 5 0
2 7 4 2 3 0 2 6 4 2 2 0
2 8 3 2 6 1 2 7 3 2 5 1
1 7 3 1 4 0 1 6 1 1 5 0
1 4 3 1 2 1 1 3 2 1 2 0
2 8 2 2 6 1 2 7 2 2 5 1
1 6 3 1 3 1 1 5 2 1 3 0
12 4 8 111 3 8 0
2 1 5 1 6 0 2 0 4 1 6 1
15 7 8 014 6 8 1
15 7 9 014 6 9 1
2 9 2 2 8 0 2 8 2 2 7 0
2 9 2 2 8 1 2 8 2 2 7 1
2 9 1 2 8 0 2 8 1 2 7 0
2 9 1 2 8 1 2 8 1 2 7 1
2 8 4 2 5 0 2 7 4 2 4 0
2 8 4 2 5 1 2 7 4 2 4 1
2 8 8 2 1 0 2 7 8 2 0 0
2 8 8 2 0 0 2 7 8 1 9 0
12 4 9 111 3 9 0
2 3 3 2 1 0 2 2 2 2 1 1
2 8 5 2 4 1 2 7 5 2 3 1
2 3 8 1 5 1 2 3 7 1 7 0
2 4 2 2 2 0 2 3 1 2 2 1
2 2 8 1 5 1 2 2 7 1 5 0
22 8 14 1 2 2 7 1 6 0
2 1 8 1 4 1 2 1 7 1 4 0
2 1 8 1 3 1 2 1 7 1 5 0
2 0 8 1 3 1 2 0 7 1 3 0
20 8 12 1 2 0 7 1 4 0
1 5 2 1 4 1 1 4 1 1 4 0

420822.417
421.084.733
470716.117
470998.970
471000.968
472034.064
472613.669
473005.628
473026.626
474506.130
474513.622
474574.058
474581.427
475302.130
477563.358
477976.761
478613.143
478835.862
478963.951
479009.811
479668.148
479891.129
482313.875
483355.843
484168.180
4841.76.192
484437.508
484437.508
485129.966
485234.551
485357.122
485475.850
485623.419
485722.378
485887.053
485888.389
486496.794
487539.928
487605.061
487806.038
488422.634
488445.944
488448.501
489032.446
489033.939
489565.413
489565.413
489865.735

420822.27661 0.14039
421084.91755 -0.18455
470715.99699 0.12001
470999.21323 -0.24323
471001.20372 -0.23572
472034.52182 -0.45782
472613.12016 0.54884
473004.65537 0.97263
473024.86274 1.76326
474506.50159 -0.37159
474513.38409 0.23791
474574.18929 -0.13129
474581.57077 -0.14377
475302.09818 0.03182
477564.47811 -1.12011
477977.07820 -0.31720
478612.57491 0.56809
478833.”12336 2.13864
478964.58792 -0.63692
479009.96196 -0.15096
479668.25314 -0.10514
479891.20584 -0.07684
482313.72711 0.14789
483355.53615 0.30685
484168.38444 -0.20444
484175.63140 0.56060
484437.17453 0.33347
484437.45672 0.05128
‘485130.95448 -0.98848
485234.65709 -0.10609
485356.15456 0.96744
485475.97502 -0.12502
485623.65545 -0.23645
485722.54756 -0.16956
485886.92581 0.12719
485888.24809 0.14091
486496.93786 -0.14386
487540.08011 -0.15211
487604.51159 0.54941
487805.54467 0.49333
488421.42965 1.20435
488446.06037 -0.11637
488448.66640 -0.16540
489032.85374 -0.40774
489034.20869 -0.26969
489565.48677 -0.07377
489566.16734 -0.75434
489865.67886 0.05614
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TABLE 1- Continued
— - — - — — _  _—— .——.
J’Ka’Kc’~S’ J“Ka’’Kc’’~S”

——.. — ..—. —
Obs .

—.———
Freq. Calc. FYeq. Obs-Calc Ref.

(MHz) (MHz) (MHz )
———. ..—— .-—___———— —— -—_—_ ._

6 6 0 1 5 5 0 0
6 6 1 1 5 5 1 0
19 812 1 19 7 12 0
1 9 8 1 1 1 1 9 7 1 3 0
2 1 5 1 7 0 2 0 4 1 7 1
1 8 8 1 1 1 1 8 7 1 1 0
18 810 1 18 7 12 0
30 1 30 029 1 29 0
30 0 30 029 0 29 0
30 1 30 129 1 29 1
30 0 30 1 29 0 29 1
28 5 23 1 27 5 22 1
1.7 810 1 17 7 10 0
17 8 9 117 7 11 0
16 8 9 116 7 9 0
16 8 8 116 7 10 0
2 8 5 2 3 0 2 7 5 2 2 0
15 8 8 115 7 8 0
15 8 7 115 7 9 0
14 8 7 114 7 7 0
14 8 6 114 7 8 0
13 8 6 113 7 6 0
1.3 8 5 113 7 7 0
12 8 5 112 7 5 0
12 8 4 112 7 6 0
1 7 2 1 5 1 1 6 1 1 5 0
2 3 4 2 0 0 2 2 3 2 0 1
11 8 4 111 7 4 0
11 8 3 111 7 5 0
10 8 3 110 7 3 0
10 8 2 1107 4 0
9 8 1 1 9 7 3 0
9 8 2 1 9 7 2 0
8 8 0 1 8 7 2 0
8 8 1 1 8 7 1 0
2 8 3 2 5 0 2 7 3 2 4 0
2 8 3 2 5 1 2 7 3 2 4 1
29 3 27 1 2 8 3 2 6 1
2 8 4 2 4 1 2 7 4 2 3 1
2 8 4 2 4 0 2 7 4 2 3 0
29 2 27 1 2 8 2 2 6 1
2 3 1 2 2 0 2 2 0 2 2 1
1 6 1 1 5 1 1 5 0 1 5 0
22 5 17 0 2 1 4 1 7 1
13 4 9 112 3 9 0
1 7 3 1 4 1 1 6 2 1 4 0
15 3 1 3 1 1 4 2 1 3 0
3 0 2 2 9 0 2 9 2 2 8 0

490035 .305  490035 .34982
490035 .305  490035 .35000
490047 .783  490048 .03189
490047 .783  490048 .36087
490449.1.29 490447.79982
490484 .018  490484 .26533
490484 .018  490484 .41769
490646 .946  490646 .74852
490653 .580  490651 .58662
490715 .067  490715 .30627
490720 .272  490720 .49364
490861 .445  490860 .71406
490877.567 490877.70358
490877 .567  490877 .77082
491231 .615  491231 .62924
491231 .615  491231 .65733
4913 )8 .157  491316 .13133
491549 .262  491549 .10932
491549 .262  491549 .12034
491833 .223  491833 .00825
491833 .223  491833 .01226
492086.288 492085.99698
492086 .288  492085 .99832
4923 )0 .892  492310 .55949
492310 .892  492310 .55989
492331 .046  492331 .28060
492495 .920  492496 .35994
492509 .317  492508 .99717
492509 .317  492508 .99728
492683 .686  492683 .43196
492683 .686  492683 .43199
492835.977 492835.80827
492835 .977  492835 .80827
492967.977 492967.89416
492967 .977  492967 .89416
494503 .358  494505 .00976
494889 .750  494890 .25198
495338 .809  495338 .87295
496897 .035  496896 .50872
497024 .387  497025 .26238
498060 .069  498059 .88691
498221 .689  498221 .69476
498488 .937  498488 .91007
499244 .849  499244 .06371
4999’74.060 499974.32291
500220 .668  500220 .17858
500459 .629  500459 .84050
501282 .958  501283 .76612

-0 .04482
-0 .04500
-0 .24889
-0 .57787

1.32918
-0 .24733
-0 .39969

0.19748
1.99338

-0 .23927
-0 .22164

0.73094
-0 .13658
-0 .20382
-0 .01424
-0 .04233

2.02567
0.15268
0.14166
0.21475
0.21074
0.29102
0.28968
0.33251
0.33211

-0 .23460
-0 .43994

0.31983
0.31972
0.25404
0.25401
0.16873
0.16873
0.08284
0.08284

-1 .65176
-0 .50198
-0 .06395

0.52628
-0 .87538

0.18209
-0 .00576

0.02693
0.78529

-0 .26291
0.48942

-0 .21150
-0 .80812
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TABLE 1- Continued
-. . . .. ——— —.... ..— .——  —
J’Ka’Kc’TS’ J“Ka’’Kc’’TS”

—.— .—. ..—.
Obs . Freq. Calc.

.——
F’req. Obs-Calc Ref.

(MHz) (MHz) (MHz)
. . ———..— —— —.— ———— ——. .-. .— .— .-—.-
3 0 2 2 9 1 2 9 2 2 8 1 501386.273 501386.40949 -0.13649
30 1 29 1 29 1 28 1 501565.250 501565.10134 0.14866
23 2 22 022 1 22 1 501716.809 501717.01364 -0.20464
16 7 9 015 6 9 1 501838.875 501838.39602 0.47898
16 7 10 015 6 10 1 501838.875 501839.04984 -0.17484
29 4 26 1 28 4 25 1 502895.550 502896.07359 -0.52359
13 4 10 1 12 310 0 503823.679 503823.77356 -0.09456
— . ——.—— .——— —..— .—.- ——.——
w represents t;e torsiona]. substate:O= gauche+ and 1 =gauche-.

.——

*

a

b

(-:

Strongly mixed transition.

See reference (3); u n c e r t a i n t y  is e s t imated  to be  better  than
100 kHz.

unpubl i shed  t rans i t i on  measured  by  1?. Cohen in 1979 (private
communication, 1995)  with 200 k~z uncertaj.nty.

Unpublished assignment by E. Cohen in 1979 (private communi.ca.tj.on,
1995) and remeasured by this work.
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I
TABLE 11

Measured Gauche-Ethanol  Transitions Not Included in the
Analysis.

I
. . ——. ——-— ——. — -— ——. —

.J’Ka’Kc’TS’  J“Ka’’Kc’’TS” ‘- Ohs. Frequency (MHz)

.- ——— —-. — .—. ——. .
3 0 1 3 0 1 3 0 0 3 0 0
17 9 8 016 9 7 0
17 9 9 016 9 8 0
1 8 9 9 0 1 7 9 8 0
1 8 9 1 0 0 1 7 9 9 0
9 9 0 0 9 8 2 1
9 9 1 0 9 8 1 1
10 9 1 010 8 3 1
10 9 2 010 8 2 1
11 9 2 011 8 4 1
11 9 3 011 8 3 1
1 2 9 3 0 1 2 8 5 1
12 9 4 012 8 4 1
13 9 4 013 8 6 1
1 3 9 5 0 1 3 8 5 1
14 9 5 014 8 7 1
1 4 9 6 0 1 4 8 6 1
15 9 6 015 8 8 1
15 9 7 015 8 7 1
16 9 7 016 8 9 1
16 9 8 016 8 8 1
17 9 8 0 1 7 8 1 0 1
17 9 9 017 8 9 1
1 8 9 9 0 1 8 8 1 1 1
1 8 9 1 0 0 1 8 8 1 0 1
1 9 9 1 0 0 1 9 8 1 2 1
1 9 9 1 1 0 1 9 8 1 1 1
2 0 9 1 1 0 2 0 8 1 3 1
2 0 9 1 . 2 0 2 0 8 1 2 1
2 2 1 2 1 0 1 2 1 1 2 9 1
2 2 1 2 1 1 1 2 1 1 2 1 0 1
2 2 1 1 1 1 1 2 1 1 1 1 0 1
2 2 1 1 1 2 1 2 1 1 1 1 1 1
2 2 1 0 1 2 1 2 1 1 0 1 1 1
2 2 1 0 1 3 1 2 1 1 0 1 2 1
2 2 1 0 1 2 0 2 1 1 0 1 1 0
2 2 1 0 1 3 0 2 1 1 0 1 2 0
2 2 9 1 3 0 2 1 9 1 2 0
2 2 9 1 4 0 2 1 9 1 3 0
2 2 6 1 7 0 2 1 6 1 6 0
2 2 6 1 6 0 2 1 6 1 5 0
23 10 13 1 22 1.0 12 1
2 3 1 0 1 4 1 2 2 1 0 1 3 1
23 10 13 0 22 1.0 12 0
23 10 14 0 22 1.0 13 0

-.. —-— .-
97877.456

294456.136
294456.136
311801.488
311801.488
321435.654
321435.654
321576.180
321576.180
321726.427
321726.427
321885.258
321885.258
322051.339
322051.339
322223.142
322223.142
322399.224
322399.224
322577.893
322577.893
322757.461
322757.461
322936.026
322936.026
323111.800
323111.800
323282.766
323282.766
380588.441
380588.441
380642.430
380642.430
380740.190
380740.190
381110.544
381110.544
381229.185
381229.185
382103.581
382134.380
398073.626
398073.626
398458.067
398458.067
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T A B L E 1- Continupd
—— . . . . ——— .— . . . . —.—. —

.J’Ka’Kc’TS’  J“Ka’’Kc’’l”S” Obs .

. .. —... — .— —..
2 3 9 1 4 0 2 2 9 1 3 0
2 3 9 1 5 0 2 2 9 1 4 0
2 3 6 1 8 0 2 2 6 1 7 0
2 3 6 1 7 0 2 2 6 1 6 0
2 4 3 0 1 4 1 2 3 1 0 1 3 1
2 4 1 0 1 5 1 2 3 1 0 1 4 1
24 3 22 1 2 3 3 2 1 1
2 4 9 1 5 1 2 3 9 1 4 1
24 9 1 6 1 2 3 9 1 5 1
2 4 1 0 1 4 0 2 3 1 0 1 3 0
24 10 15 0 23 1.0 14 0
2 4 9 1 5 0 2 3 9 1 4 0
2 4 9 1 6 0 2 3 9 1 5 0
2 4 6 1 9 1 2 3 6 1 8 1
2 4 6 1 8 1 2 3 6 1 7 1
2 4 6 1 9 0 2 3 6 1 8 0
2 4 6 1 8 0 2 3 6 1 7 0
2 4 3 2 1 0 2 3 3 2 0 0
2 4 4 2 0 1 2 3 4 1 9 1
9 8 1 0 8 7 1 1
9 8 2 0 8 7 2 1

27 7 21 1 2 7 6 2 1 0
2 7 7 2 0 1 2 7 6 2 2 0
2 6 7 2 0 1 2 6 6 2 0 0
2 6 7 1 9 1 2 6 6 2 1 . 0
25 7 19 1 2 5 6 1 9 0
2 5 7 1 8 1 2 5 6 2 0 0
11 8 3 010 7 3 1
11 8 4 010 7 4 1
27 2 2 5 0 2 6 2 2 4 0
2 7 8 1 9 1 2 6 8 1 8 1
2 7 8 2 0 1 2 6 8 1 9 1
2 7 8 1 9 0 2 6 8 1 8 0
2 7 8 2 0 0 2 6 8 1 9 0
2 7 7 2 1 1 2 6 7 2 0 1
2 7 7 2 1 0 2 6 7 2 0 0
2 7 7 2 0 0 2 6 7 1 9 0
27 622 126 6.21 1
2 7 6 2 1 1 2 6 6 2 0 1
27 6 2 2 0 2 6 6 2 1 0
2 7 6 2 1 0 2 6 6 2 0 0
2 7 5 2 3 0 2 6 5 2 2 0
9 9 0 0 8 8 0 1
9 9 1 0 8 8 1 1
12 8 4 011 7 4 1
12 8 5 011 7 5 1
28 8 21 1 27 8 2 0 1
2 8 8 2 0 1 2 7 8 1 9 1
28 7 22 1 27 72?11

—-.
Frequency (MHz )

__— — _.. -_—
398599.923
398599.923
399605.475
399655.490
415412.599
415412.599
415423.060
415577.975
415577.975
415808.789
415808.789
415977.816
415977.816
416861.497
416935.101
417123.040
417202.363
423079.517
423274.366
428471.075
428471.075
428729.620
42~559.3oo
430133.525
430669.083
431364.328
431703.299
463341.035
463341.035
466125.629
468061.740
468061.740
468448.423
468448.423
468635.735
468975.324
468992.875
469475.128
469733.706
469761.882
470039.687
470376.556
477122.246
477122.246
480789.559
480789.559
485486.465
485487.725
486127.288
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TABLE 1) - (2mtinued
-.. ._— .— -——— —.. - --- —-. ——-—

J’Ka’Kc’-TS’  J“KallKc’’TS”
.-— ——
Obs . Frequency (MHz)

. .._. ——. ——— —..—.
28 7 21 1 2 7 7 2 0 1
2 8 7 2 2 0 2 7 7 2 1 0
2 8 7 2 1 0 2 7 7 2 0 0
2 8 6 2 3 1 2 7 6 2 2 1
24 8 17 1 2 4 7 1 7 0
2 4 8 1 6 1 2 4 7 1 8 0
2 8 6 2 3 0 2 7 6 2 2 0
1 8 6 1 2 0 1 7 5 1 2 1
2 8 6 2 2 1 2 7 6 2 1 1
1 8 6 1 3 0 1 7 5 1 3 1
2 8 6 2 2 0 2 7 6 2 1 0
2 3 8 1 6 1 2 3 7 1 6 0
2 8 5 2 4 0 2 7 5 2 3 0
1 0 9 1 0 9 8 1 1
1 0 9 2 0 9 8 2 1
2 9 3 2 7 0 2 8 3 2 6 0
2 9 2 2 7 0 2 8 2 2 6 0
13 8 5 012 7 5 1
13 8 6 012 7 6 1
3 0 1 2 9 0 2 9 1 2 8 0
2 9 8 2 2 1 2 8 8 2 1 1
29 8 21 1 2 8 8 2 0 1
2 9 8 2 2 0 2 8 8 2 1 0
2 9 8 2 1 0 2 8 8 2 0 0
2 9 7 2 3 1 2 8 7 2 2 1
29 7 22 1 2 8 7 2 1 1
2 9 7 2 3 0 2 8 7 2 2 0
29 7 22 0 2 8 7 2 1 0

.. ———. — .. —. —--—..  ——— —.— —
~S des ignates  the  torsiona~

. . .. —--— .— —.. .—. .—— .—
486153 .20”1
486478.638
486506.646
487039.802
487093.325
487103.104
487331.192
487363.080
487417 .”/13
487461.494
487737.133
487801.166
487846.044
494572.145
494572.145
495195.368
497730.845
498245.245
498245.245
501454.524
502921.625
502923.735
503336.069
503338.342
503633.146
503673.755
503995.924
504039.739

substate:  O=gauche+,  l=gauche-

47



TABLE 111

Derived (knAe  Rotational and Interaction ~onstantsa~b
. . . . . ——.—- . —— . _—— .—_. —- . . .. --— .-
COnstant Value (MHz) 10 Uncertainty

. . ..—. ——— .—. -—-—— — .— - -.. -.. —-— -
A+

#

&

-AJ+ x  103

-AX+ X 103

- AK

+  x  1 03

d]+ X 103

d~+ X 103

HJ+ X 107

HJm+ x  107
HJKK+ x  103
HK+ X 1 03

h]+ X 107

h~+ X 107

hs+ X 107

l?+

AI!+
~-
~-..

c-
-AJ- X 103
. . .. Am- x 103

-AK- X 103
dl- X 103
d2- X 103
HJ- X 107
HJm- X 107
HJKK- X 103
HK- X 103
hl - X 107
h2- X 107
h3- X 107
F-
A~-
E+-

34194.6748

9189.09754
8099.37146

-8.87076

187.354
-291.50

-1.57807

0.222711

1.3539
-90.282

-0.23451

-0.41214

0.026750
-0.63659

-0.08362

0.0

0.0

34199.269

9200.371

8100.15397

-8.60514
-115.575

-256.64

-2.02237

-0.345718

-0.33656

112.47

0.18208
0.59336

0.23791

0.60007
0.11924

374.84

96748.8164

119.942

0.006!;
0.00099
0.00111

0.00067

0.239
1.25

0.00038

0.000153

0.0057

0.616

0.00093

0.00285
0.00377

0.00297

0.00131
(fixed)”

(fixed)’

0.051
0.051

0.00113

0.00067
0.180

1.17

0.00040

0.000204
0.00525

0.60

0.00075
0.00217

0.00344

0.00236
0.00112

1.71

0.0069

0.121

48



TABLE 111 - Cwinued
_.. -——_— ..— — . ——-— — .——. ..— .— —---— .-
Constant Value (MHz) ‘-”---- 10 Uncertainty

—- ---- . —.. —... .— . .—— — —
-;+ - -17.9201 0.0141 ‘--
N +-

88.502 0.100
Q +- - -4054.965 0.077
QK+- 11.2388 0.0195
N~+- -21.929 0.052
Q J

+ - -1.6283 0.0083
N J

+ - -0.093354 0.000177
NKK+ - 0.047372 0.000193
QJJ+- X 106 -6.835 0.904

NJJ+- X 106 1.530 0.064

QJK+- X 103 -3.0302 0.0140

N~K+- X 103 2.7696 0.0074

.—— .. ——. — __ —-. .— . ..—. .—— —- .—

a ~,E,A~,~,N,and  Q are defined in Section 11.

b - is gauche-, + is gauche+,  and +- is the jnteract.ion
between gauche+  and gauche-

~ See text



TABI.E IV

Approximate Maximum J values for Separate Analyses of 7rans  and
Gauche Substatcs

—. —.——.
Trans l.irn~s (%uch;+  1.imi[s GuchP- 1.lmits

——. .

— . . . ———.——. ——— .. —..— — —.——

Ka=O j~+ 30 29
Ka==l 32 29 27

Ka==2 30 21 21

Ka=3 29 25 28
Ka=4 28 2.7 21

Ka=:5 26 25 26

Ka=6 24 24 18

Ka =. 7 21 24* 24

K~=8 18 18* 18*

Ka=9 15 15* 15*

Ka= 10 11 11* 11*
—... — —.———— -—. .—— .. ——— — ..—. — .——.
* c-type Gauche+ to @uche- transitions cannot be fit to microwave accuracy,
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Figure (Vaptions

Iiigure 1. The potential energy for the OH toI sional motion as determined by Kakar and
Quade (.?) plotted vs torsional angle with the Irons configuration defined to have a torsional
angle of OO. The three wells are the rmw.~ WC]] (the global minimum) and the two gauche
wells (the secondary minima).

I;igure 2. Calculated wave functions from the potential of Kakar and Quade (.?) for the

thnx lowest-lying mm, gauche+ and .gauchc-  substates, respectively. Although the wave
functions are fairly well localized, there will be intemetions among the three substates.

Figure 3. The effects of the two internal motions on a single asymmdric rotor energy level

are depicted. The hydroxyl torsion introduces a large effect while the high barrier methyl
torsion introduces a small splitting which is only sometimes observable. The hydroxyl
splittings listed are from this work.

lligure 4. The symmelry-allowed first orda c.ffective Hamiltonian matrix elements are
shown. l’he 2 x 2 box containing the ,gaudv+  and gauche- contributions is used in this

analysis,

l~igure 5. The rotational energy levels of the tram and gauche substates of efhyl alcohol
frotn this analysis and the one in ()) are plot[ed vs J. A 39.2 cm-l energy difference

belwecn the (ram and gaudc+ state has been used, ‘l’he stacks cmsist of the levels with
differing Ka in the three torsional substatm ‘l”he energies shown do not include the effects
of frtim-gauck  interact ions.

Figure 6. ‘1’hc rotational energy levels with Ka = 11 tind 12 in the trims substate, with Ka =
9 in the gauche+  substate, and with Ka = 10 in the gauche- substate are plotted vs. J. The
fram levels are denoted with + while the gauche+- and gauche- lCVCIS are denoted by o and
x rcqwetively. The erossings between J = 25 and 30 are apparent.
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OH Torsional Potential (cm-1)
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Ethanol: the Ground OH Torsional State

Gauche- about 1 MHz

Asvmmetrif
Rotor Leve

–— —~.l:—

96748.81 MHz–— _&~:~

Gauche+ about 1 MHz

39.2 Cm- 1
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Symmetry - allowed Hamiltonian
Matrix Elements

Trans
Rotational

Hamiltonian
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+ AEt
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